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Editorial on the Research Topic
 ‘Inter-identities' in Life, Mind, and Society



The complexity of life, mind and society seems to be an endless source of challenges for philosophy and science, which keep exploring them under ever-new lenses. In order to explain or describe these domains, systemic approaches investigate how parts are dynamically organized and integrated, vertically, as wholes articulated in many levels, whereas interactive views delve into properties, entities and processes characterizing horizontal relations. Here complexity, though grounded in features that are conceived as individual and cohesive, is most prominently recognized to arise from interactions at the intersections among systems forming wider ensembles or diverse consortia. On this basis, individuality and identity of wholes are understood as affected and/or constituted by interactive dynamics with other systems and the environment.

Classical approaches often comprise individualistic assumptions that neglect interactions and collective phenomena related to identity. Naturalist accounts have to confront significant trouble in conceptualizing identity and individuality, since the massive interconnectivity and/or heterogeneity among components intrinsic to complex organizations entail remarkable difficulties in determining primitive systems or starting points. Currently, new modeling and explanatory approaches engage in studying a variety of processes, such as metabolic interactions giving rise to the first living cells, their evolution through lateral transfer of genes, the emergence of multicellular organisms, the intersubjective participation in sense-making or in the generation of cognitive meaning, social interplay as a source of autonomous decision-making, and technologically mediated interrelation in social groups and network dynamics.

Rather than focusing on substantial identities, these endeavors examine how the entities involved in those processes appear, change and act in context. This perspective excludes the possibility of conceiving such entities as independent individuals, and requires to consider them as entangled. When defining the title of this Research Topic, we coined the term “inter-identities” to refer to these kinds of interactions and, more precisely, to indicate what emerges from these interactive processes and cannot be found in the interactors, when taken separately. We introduced the notion of inter-identities with a programmatic aim: promoting the exploration of new strategies to study and conceptualize these forms of complex interaction.

The articles gathered in this Research Topic (RT) propose inquiries convergent to that goal. They are based on multiple transdisciplinary approaches aiming at describing complex interactive processes belonging to the living, the cognitive and the social domains.

A central feature of the systems populating these three domains, typically captured through the notion of autonomy, is the capability of coupling with the environment and other systems. An autonomous system cannot be interpreted as fully determined by internal, localized elements, like genes, nor by external factors. The property of autonomy entails systems whose dynamics of self-production are based on interactions between the systems as wholes, their components and their environments. Hence, these systems' autonomous behavior is deeply grounded in interactive dynamics, so that the autonomy involves normative assessments of the environment, in such a way that other systems and situations are perceived and cognized according to those interactive norms, as well in normative constraints prompted from the environment.

In this sense, for living, cognitive and social systems the notion of autonomy and the notion of inter-identity are deeply interconnected: they actually articulate a tension between, on one side, the self-determined character of these systems' dynamics of self-production and generation of behavior, and, on the other side, the multiple connections influencing these processes.

This tension travels across the articles contributing to the RT. The related problems concern different scientific and philosophical aspects in the three target domains of life, mind and society, or more transversal, epistemological dimensions of inter-identities, and the research challenges they involve.

(a) Life and Biology. An important fraction of the articles engages with inter-identities in this realm. In the field of the origins of life, Ruiz-Mirazo et al., suggest that the first living cells already comprise an irreducible collective dimension, both in ecological and evolutionary terms, necessary to explain how several bottlenecks of the process of biogenesis are overcome. About the organization of the motility of eukaryote cells in interaction with the environment, Militello argues that its emergence involves a strict control of the motile abilities of their constituting entities, such as organelles of endosymbiotic origin (i.e., mitochondria and plastids) and flagella, although it does not necessarily entail a complete loss of the agential capacities of the individual parts. Expanding the discussion toward other complex collectivities, Canciani et al., build an organizational account of eusociality which emphasizes the regulatory control relationships involved in some insect colonies (e.g., Apis mellifera, their case study), involving a hierarchically organized network of interactions.

Looking at examples in synthetic biology Bich takes a complementary view on the problem of “inter-identity” by studying the ways in which models and realizations of that field can contribute to discover the interactive dimension of minimal life and cognition. In particular, the article discusses how concepts such as control, cognition, communication can characterize those interactions.

Other papers explore evolutionary processes for which interactions are decisive. Hernández and Vecchi investigate how biological autonomy is compatible with evolutionary processes by which living organisms capture and integrate environmental ingredients directly within their own dynamic organization; they analyse, in particular, biotic entrenchment emphasizing the interactive aspects of the construction of the individual. Also within this line, an illustrative case of the evolutionary relevance of interactions of interspecific individuals is offered by Suarez and Triviño on the sanguivory diet of vampire bats as an adaptation occurring at the level of the holobiont, the host–microbiome multispecies systems. Besides, Nuño de la Rosa et al. consider the evolution of eutherian pregnancy as the relational emergence of the pregnant female a new kind of historical individual, in contrast with prevalent dualistic conceptions often based on conflict models about the relationship between mothers and embryos.

(b) Minds and psychology. A second group of articles examines issues related to cognitive agency and identity in interactions.

On personal identity in social interaction from an enactive standpoint, James and Loaiza characterize inter-personal identities as collections of entangled stabilities that emerge in recurrent social interaction, and emphasize how sense-making, at the personal level, is a manifestation of histories of acting together. Another focus of interest is the role of social interactions in non-heterosexual personal identity; Collado and Besoain introduce a processual theory to examine the suffering associated with the influence of prevalent heteronormative environments on identities. In order to overcome standard monologic accounts, they consider how multiple effects or self-states can be produced, recurrently unified to create identities inherently susceptible to transformation, for example through performance art. Addressing pregnancy from an agential perspective, Martínez Quintero and De Jaegher converge in prospecting the interactive developmental organization of mother-baby relations, and stress the importance of taking into account the two inter-connected agencies, as well as how maternal agency changes while pregnancy advances.

(c) Societies, education, bioethics. This group of articles offers specific and insightful examples of inter-identities. Inter-identities in education is the topic explored by Pérez-Izaguirre in the context of a Basque secondary school in which adolescent students, coming from diverse ethnic backgrounds, meet and tend to construct their identity through transgression. Arrieta's article concerns the domain of bioethics in medicine. Based on the discussion of patients' decisional, executive, and narrative capacities, the author proposes a characterization of the patient's autonomy in the case of poor treatment adherence, and examines what appropriate actions may contribute to increase adherence rates. The collective dimension of social and political forms of organization is explored by Barandiaran et al., within the framework of networked digital interactions. By means of a detailed and critical exploration of different theoretical views of identity, they characterize collective identities as recurrent, cohesive, and coordinated communicative interaction networks, following a technical graph–theoretical approach.

(d) Epistemic dimensions of interidentities. Although all the articles contribute to the study of interidentities, some of them are particularly dedicated to more general epistemic matters. Thus, Gómez-Marin and Arnau examine the epistemological changes required to conceptualize inter-identities, which should be rather thought, according to their Whiteheadian (internalist-relational) account, as “intra-identities.” They criticize not only reductionist, but also emergentist positions, arguing in favor of a general shift of perspective toward process ontology to overcome difficulties attributed to the -simple location- assumption, which gives the false impression that enduring substances exist. Through the analysis of some experimental and modeling practices of biologists, Montevil and Mossio explore the way in which historical and relational approaches interpret the identity of organisms. The acknowledgment of a complementary relation between these views leads the authors to promote a compelling convergence of these perspectives in a hybrid construct. Also within philosophy of biology, Ferreira-Ruiz and Umerez discuss interactionism with regard to gene-centrism and the nature-nurture problem. They criticize the vagueness that general interactionist accounts tend to show, and propose examining more carefully the causation behind complexity in order to clarify the interactionist claims (e.g., causal parity) supporting deflationary positions with respect to genetics.

In general, the contributions gathered in this RT tackle, from different perspectives, two main sides of a common issue: how do complex (biological, cognitive, social) systems construct their identities? And also: how do science and philosophy conceptualize and methodologically explore interactivities? We believe that the answers they propose constitute a remarkably diverse and thought-provoking body of research, delineating new approaches to describe the processes of interaction in which complex identities—inter-identities—emerge.
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Interaction in educational environments might refer to a set of relationships between individuals in a school system. These links can be considered within a power-relations framework that includes the role of each of the subjects in a school and its community. This paper focuses on “transgressive” interactions involving adolescent students from diverse ethnic backgrounds in a Basque secondary school and relies on the concept of identity-in-interaction from a sociocultural approach, according to which, identity is constituted in a process of exchange between two or more parties. This research is drawn from the results of an ethnographic study conducted between July 2015 and June 2016 in a Basque secondary school attended by a high proportion of immigrant students, which shares characteristics with the broader Basque educational context. The methods used to collect data included documentary analysis, 9-months of participant observation, 36 in-depth interviews and four focus groups. Transgression in this context refers to the act of questioning socially established limits of behavior, which is considered typical during adolescent years. I categorize three types of student interaction as transgressive: personal, civic, and social limit transgressions, which involve challenges to peer-interpersonal, institutional, and community rules of interaction, respectively. In the Basque Country there are two official languages, Basque and Spanish, and students are instructed in both languages. They must daily face the particularities of a bilingual society where Basque is still a minority language. Community transgression is noteworthy, as immigrant students resisted the rule enforcing Basque instruction, leading to intercultural conflict with teachers. The study argues that identity can be constructed through transgression: immigrants’ refusing to learn Basque is a matter of rebellion that acts as an identity marker. This study contributes to the discussion of identity-in-interaction. Based on empirical data it uses the framework of transgression in multi-ethnic educational environments to consider community languages in a broader power-relations framework.

Keywords: interaction, identity, transgression, multi-ethnic, Basque, education, ethnography


INTRODUCTION

This paper is part of a larger ethnographic study researching multi-ethnic student-to-student and teacher-to-student interactions in Basque secondary education. The Basque Country is located in the south of France and north of Spain and the school I refer to is located in the Basque Autonomous Community (BAC), one of the regions of the Basque Country in Spain where both Basque and Spanish have official status. Today, institutions in the BAC reinforce Basque language, but during Franco’s dictatorship between the late 1930s and mid 1970s speaking Basque was prohibited (Cenoz, 2009). Basque remains a minority language across most areas in the Basque Country and in the BAC all public and most private schools promote its instruction (Echeverria, 2003; Martínez, 2014). Many school and social rituals are performed in Basque to strengthen links with the Basque community and offer cultural reparation for the period when it was prohibited. Consequently, it is an important identity marker for a great part of the Basque community, who often feel it is their duty to protect and maintain it (Urla, 2012). Basque is also a source of social and linguistic conflict, as some people do not support activities in Basque or do not feel their identity relates to it.

Today, this complex bilingual social and educational context faces another challenge, as the BAC has received a considerable immigrant population in recent years1. In the Basque education system immigrant studentship is usually unevenly distributed between schools: in areas with a high immigrant population, immigrant students attend public schools, while most locals tend to enroll their children in privately funded schools which instruct their pupils almost entirely in Basque. Additionally, immigrant students in public schools tend to attend classes that are instructed mostly in Spanish, while locals enroll in classes predominantly instructed in Basque. This choice, which is ethnically guided, conflicts with one of the education system’s main objectives: to promote Basque language regardless of the ethnic, social, or linguistic origin of each student.

In Mirebe (please note that all names are pseudonyms), the town where the study took place, Spanish is the predominant language on the street while Basque is a minority language. In this paper we focus on Udabia, a secondary public school attended by a high proportion of immigrant students. More precisely, in the 2015/2016 school year the percentage of immigrant students at Udabia was 37%, while the average in Basque schools in that period was below 9%. In such an ethnically and linguistically diverse environment, teachers had to teach Basque to immigrant students, many of whom did not understand its importance within the Basque community. As illustrated in previously published results from this case study, some immigrant students bluntly refused to learn Basque, citing its lack of value to them, while their local counterparts did not show such resistance. In such cases, teachers often failed to manage the classroom effectively, as they were trying to teach Basque to an obviously unreceptive audience and the subsequent conflict seemed more significant to them than simple student misbehavior (Pérez-Izaguirre, 2018, 2019).

In this paper, student misbehavior is designated as transgression. Transgression in this context makes reference to the act of questioning the socially accepted rules of interaction, which is typical behavior in adolescent years. Apart from transgressions related to their refusal to learn Basque, some students in this school also transgressed other rules, by not complying with teachers’ instructions or respecting their peers. These transgressions involved students in relation to their peers and teachers within a specific power-relations framework. Such interactions also marked differences between the subjects involved, which had consequences for the constitution of their identities. In other words, identity was performed and represented in each of these transgressive interactions. Focusing on this idea, the aims of this paper are (i) to analyze the kinds of transgressions-as-interactions that can be classified in such a context, and (ii) to show how the concept of teenage transgression, as a type of interaction, constitutes a specific kind of identity. In line with the aims, the hypotheses I propose are (1) transgressions are negative for classroom environment, and (2) transgressions constitute the main problem when Basque learning is involved, as student identity is constituted in acrimonious interaction.



THEORETICAL FRAMEWORK

In this section, I will focus on two of the central elements of this paper: limits and transgression, the latter as a specific kind of interaction, and the concept of identity-in-interaction from a sociocultural perspective. The link between these two elements constitutes the main argument of this paper.


Limits and Transgression

I will define limits, according to Bakhtin (1984), as the socially constituted rules or conventions embedded in everyday practices that mark and define what is expected from another person or group in a social situation. Based on this idea, transgression of limits leads to a clash of views with respect to what an individual or a group perceives is expected from them in a social situation. That is, when transgressions of these limits occur, the individual or group who perceives them feels they are inappropriate. Hence, limits are not necessarily related to ethnicity, gender or social class, but to the harmonious functioning of a social relationship.

A more recent contribution to transgression theory by Foley et al. (2012) specifies that transgressions should be contextualized in time and space, as what is considered in one place and epoch as transgressive might not be considered so in another. Transgression is located at the border of a norm bounded by limits, marked by what is appropriate. Thus, limits are the essential normative elements that separate appropriate from deviant behavior. In line with this idea, Jenks (2003, 2013) affirms that questioning or transgressing such limits means going beyond them, exceeding them and through such excesses, rules are reaffirmed. What is more, the internalizing of social order is based on such experience.

Many authors have claimed that in adolescence limit transgressions happen through different practices, such as the enactment of risky and violent behaviors (Bonino et al., 2005; Alarcón Bañares et al., 2010; León et al., 2010; Varela Garay et al., 2013; Krettenauer et al., 2014; Carrascosa et al., 2015; Cui et al., 2016; Patterson et al., 2016). In the education system, much research has been conducted on students’ discipline and disruptive behavior (Mooij, 2011; Wilson et al., 2011; Levin and Nolan, 2014; Garaigordobil and Martínez-Valderrey, 2016). A study on limit transgression was conducted by Hans (2008) in a French secondary education center where the discourse of a 15-year-old was analyzed. The study was conducted from a clinical psychoanalytical perspective and aimed to give further recommendations in the context of acrimonious teacher-student relationships. Hans (2008) claimed that in order to advance their academic and social abilities, subjects need to transgress or test what is already socially established. Through transgression, individuals develop their autonomy and creativity, as they must find harmony to internalize the new insight they have acquired.

In line with this idea, Eckert (2002, 2004) provides an insight into the so-called “teen-culture” of profanity and rebellious behavior in the American high school. According to her research, in adolescence, social order is internalized by testing social and institutional rules in the high school context, often through clothing, gesturing, and language profanity. In this process of differentiation many behavioral and psychological aspects interact, and these help adolescents reach a social position in society, which has consequences for their wellbeing (Kłym and Cieciuch, 2015). How such interactions constitute identity will be analyzed in the following section.



Identity-in-Interaction

A sociocultural approach to the concept of identity-in-interaction by Bucholtz and Hall (2005) establishes that identity is produced through interaction and they define it is an emergent product of a linguistic game based on the “Self/Other” binary. In interaction, identities are intersubjectively constructed through complementary and overlapping relations, including similarity and difference. These identities are constantly shifting, through both deliberate and unconscious discourse, negotiated internally, and externally. Identities are also macro-socially, locally and temporarily embedded and subject to the status that individuals hold in society. This conceptualization of identity has a changing nature; it is internally and externally negotiated constantly.

In line with this idea, Jenkins (2008) suggests that identities are rooted in language, negotiated, flexible, and multi-dimensional. Identity shows the capacity of an individual to designate who is who and what is what, which implies a classification, evaluation, and hierarchy. Jenkins (2008) affirms that institutions provide specific channels for identity constitution, as contextual elements and social rituals are the basis for social relations. In these, power relations are present and institutions categorize individuals and groups, assigning each a specific role.

Dubet (2010) also acknowledges that identity is a consequence of experience. He explains that the unique experience of each individual builds his/her identity. In other words, the uniqueness of identity is provided by the capacity of each individual to accommodate such an experience into their self. Miles (2014) additionally argues that identity is dependent on the individual’s context and the power relations within these, as inequalities can occur between subjects involved in an interaction.




MATERIALS AND METHODS

This is a qualitative study using ethnographic methods. Ethnography is based on the long-term collection of discourses by and observation of people in the field (Erickson, 2010). My role as an ethnographer was to collect those discourses on voice-recorders or notebooks and transcribe them. I was positioned between students and teachers, which gave me an advantage in understanding each of the roles involved in the interaction, whilst maintaining a distance from them. This research followed the guidelines for personal data collection of the Ethics Committee for Research with Humans of the University of the Basque Country (Comité de Ética de Investigación con Seres Humanos de la Universidad del País Vasco, CEISH, UPV/EHU). All participants, including parents of minor students, signed an informed consent that enabled them to take part in this study.


Data Collection

This investigation started in Spring 2015, when initial contact with Udabia was made. In July the Head of the School agreed to data collection beginning at the start of the next school year and preparatory documentary analysis began. For 2 months I collected data about the linguistic and social history of Mirebe, as well as the town’s immigrant population. In September 2015, participant observation started and lasted until June 2016. Participant observation is a technique designed to collect data about research participants in their natural environment and includes interaction with the ethnographer (Woods, 2012; Hammersley, 2018). At first, observation was only conducted with a class known at Udabia for their disruptiveness; this class also had the highest immigrant attendance in the school. Once observation had started, I realized that the most registered transgression was the act of questioning the rule, which was otherwise socially accepted, enforcing Basque learning: most immigrant students disliked the language or bluntly refused to learn it. Other transgressions were related to school rules and student-to-student disrespect, which caused conflict between them. In April 2016, observation was conducted in other classes with lower immigrant attendance and observation indicated that these students did not complain or refuse to learn Basque, but also disrespected each other and refused to comply with other rules of the school.

In spring 2016, interviews with students and teachers took place. These were designed to find out more about participants’ discourse regarding their own behaviors (Marvasti, 2010). I asked students why they acted transgressively in certain situations, and teachers how they felt and managed such transgressions. Finally, focus groups were proposed and conducted to analyze the discourse of students in a group (Morgan and Hoffman, 2010). Students were encouraged to interact with each other and answer cooperatively to issues that had been observed during the fieldwork, such as how they perceived their different kinds of transgressions.



Analysis

Analysis took place after all the data was collected. Notes and voice-recordings were transcribed and saved as an RTF document, which was codified using Atlas.ti software, and families of codes were created. Following the aims of this paper, the classification of the kinds of transgressions as observed during fieldwork are (1) personal limit transgressions, (2) civic limit transgressions, and (3) social limit transgressions. Personal limit transgression makes reference to the act of questioning the socially accepted rules of interaction between peers, that is, disrespecting each other. Civic limit transgression involves non-compliance with school rules, such as disrespecting school services, challenging teachers’ authority, or asking teachers inappropriate questions. Finally, social limit transgression is a kind of civic limit transgression referring to community rule-breaking. Social limit transgression is different from the former, as it involves the non-compliance with a community rule that is naturalized for locals. In other words, a local would not usually transgress such a limit because it is naturalized for them, while a non-local could more easily transgress as they are not implicitly aware of its cultural importance.



Research Participants

As mentioned, this is part of a larger study, but the sample utilized in this paper differs from previous publications (see Pérez-Izaguirre, 2018, 2019). In this case, the sample is composed of teachers (N = 4) and students (N = 6) engaged in interactions, which are analyzed from the students’ perspective, as they are the primary focus. These participants were selected because their interactions are relevant and explanatory for the main purpose of this paper: to analyze transgressions as interactions and their consequences for student identity formation.

The students selected were enrolled in the 2nd year of secondary education and were studying in a classroom composed of 19 students, of which 14 were immigrants. The relevant characteristics of the six students selected are represented in Table 1 according to their self-definition and age of arrival in the BAC.

TABLE 1. Students’ self identification and age of arrival in the BAC.

[image: image]

Four of the students self-defined as Latino, more precisely, Ecuadorean (Amaia and Agustín), Bolivian (Juan), and Nicaraguan (Ana). Two of these students had always attended a Basque school (Amaia and Agustín) and had had previous contact with Basque, whereas two of them had arrived in the BAC later, when they were 7 (Juan) and 12 (Ana). These four students’ mother language was Spanish. The other two students were European-descended, from Portugal (David) and Bulgaria (Myriam), and both had arrived in the Basque Country the previous year; Spanish was their second language.




RESULTS


Personal Limit Transgressions

Personal limits as observed in this case study refer to boundaries between peers in relation to respect, interpersonal distance, and dignity. One of the most typically transgressed personal limits was interpersonal distance: in the initial classroom hours students were calm, but after recess they returned to class much more active. In this activeness, transgressions of personal space were usual: they tended to excessively touch and hit each other. In this paper I will designate these as physical interactions. Other transgressions involved insulting or mistreating each other. In this section, I will introduce three examples of such personal limit transgressions between peers.


Example 1

In one of the early hours of class, a teacher started to organize students to work in pairs. He asked two of the students who were close to him to work together:

Teacher 1: Amaia, pónte con David.

Amaia, work with David.

Amaia: ¿Qué?, ¿con esa chusma ingrata?

What? Do I have to work with this ungrateful riffraff?

The teacher probably did not hear Amaia’s comment, as he didn’t answer, and neither was there a reply from David, but he was obviously offended.

In this excerpt we can see how a teacher ordered Amaia to work with David. David was usually a silent and shy student and Amaia was considered one of the popular girls in this class. Amaia scornfully answered to the teacher’s command by insulting David, transgressing an obvious personal limit. This had an impact on David, who did not feel comfortable with the comment although it did not have any repercussions for Amaia.



Example 2

Insults also occurred when teachers were not present. During a focus group some Latin American students, Agustín included, told me how local Roma students called them racist names. A popular disrespectful term used in Spain for the last decade or so to refer to some Latin American people has been Machu Picchu, the name of the ancient Peruvian city. In the case Agustín described, local Roma students designated Ecuadorean pupils as “machupino,” a corruption of “Machu Picchu,” which is even more disrespectful. When local Roma students at Udabia called Ecuadorean student “machupinos” they intended, and succeeded, in causing offense. I was not present for such interactions, but Agustín expressed his frustration thus, “si supieran que eso es un monte…” (if only they knew that Machu Picchu is a mountain…). When racist insults were involved in an interaction, a personal limit was transgressed and the consequence was offense taken by the party being insulted.



Example 3

Juan was often particularly scornful and disrespectful to his peers, often refusing to talk to them. When they interacted with him, his response was often “Déjame en paz, tío” [Spanish] (Leave me alone, dude); or “Yo contigo no hablo” [Spanish] (I don’t speak to you). When questioned, he said his classmates behaved like children. Some of his peers felt very offended by Juan’s attitude toward them and decided not to interact with him anymore. In line with the previous two examples, Juan’s mistreatment of his peers transgressed personal limits.

Myriam, another student, showed great intuition interpreting attitudes such as the ones shown in examples 1, 2, and 3 and claimed that her classmates “…a veces… no se dan “de cuenta” de que… […] hacen daño (con sus insultos) [Spanish] (don’t realize […] they hurt each other) (with their insulting comments). In this sense, Myriam described accurately how students felt after such transgression between peers had taken place. However, it should be noted that on a few occasions these interactions were taken with humor and students were not offended by them.




Civic Limit Transgressions

Civic limits, as registered in the field notes, allude to all the institutionally explicit rules regarding the smooth functioning of the school. I chose this term because it makes reference to the well-being and harmonious cohabitation of school community. Civic limits may comprise teachers’ roles as public servants, whose personal life should be kept separate, and their authority, as educators hold the legitimized power in the classroom. Teachers’ role includes guaranteeing a positive learning environment at school, and addressing inappropriate remarks toward them, or questioning their authority risks the smooth functioning of the school as an academic institution. When civic limit transgressions occurred, an appropriate classroom management method was key to keeping a positive classroom dynamic. In the following examples I will show three different examples of students transgressing civic limits.


Example 4

In this example, Teacher 2 was speaking about the food students ate in the canteen and Juan, who was used to pushing limits with both his peers and teachers, said “es que la comida del comedor, ¡qué asco!… quiero una pizza con su Coca-Colita” (the food in the canteen is nasty!… I want pizza with a Coke). After his interruption, Juan looked around to see if anyone had heard him. The teacher on this occasion ignored his comment but I, as an ethnographer, had heard and could not hide my surprise. When he realized I had heard he told me “¡Que era una broma!” (That was a joke!). Following Juan’s lead, Agustín added “Es que quiero comida americanita” (I just want American food). None of these comments were remarked on by Teacher 2.

In this case, the civic limit was present in the fact that school food was almost entirely a funded school service and such a right is guaranteed by public administration. When Juan and Agustín devalued the food at the canteen, they were expecting the teacher to react and engage in an acrimonious interaction. Although the latter did not happen, they deliberately transgressed a civic limit by showing disrespect for public goods (food), which was almost fully funded in an educational institution.



Example 5

This example took place in the first hour of class on a Tuesday. On Tuesdays, two teachers (Teacher 2 and Teacher 3) taught these students and they noticed that certain were missing, which was usual. Indeed, some students often missed the first hours of class because they claimed to be too tired. When the school bell rang and classes were supposed to change, the teachers and I remained to speak about the classroom dynamic for a while. Suddenly, Myriam, a student who had been missing for the first hour, arrived and after a look from Teacher 2 said: ¡Es que ya te lo he dicho! No me podía levantar (I already told you! I couldn’t get up). After this outburst, the two teachers and I remained silent, as we were shocked by her reaction. This teacher felt her authority being questioned by Myriam’s comment but did not react to it. It was obvious that Myriam had transgressed a civic limit by speaking in an inappropriate way to a teacher. As in Example 5, Myriam was probably expecting some reaction from the teacher but did not get any, at least directly.



Example 6

Teacher 2, who was involved in the previous two examples, instructed students to do some exercises.

Teacher 2: Si habéis hecho hasta el (ejercicio) 330, seguís hasta el final, si no (lo) habéis hecho, hacéis (también) hasta el final.

If you have completed exercise 330, keep going until the end, and if you have not finished it, you keep going until the end too.

Juan: ¿Me estás vacilando?

Are you kidding me?

After a brief and tense silence, Juan and the teacher ended up laughing. Later on, during the same lesson, Juan interacted with the teacher again:

Juan: ¿Tienes hijos?

Do you have children?

Teacher 2: Se me están quitando las ganas.

All of you are taking away the desire for it.

(Both Juan and the teacher laugh).

In this example two civic limit transgressions can be observed, both of them initiated by Juan. The first one takes place when Juan questioned her instruction, but the teacher did not take offense and laughed about it, letting the classroom dynamic flow. After a few minutes, Juan transgressed another civic limit by asking a personal question, transgressing an obvious boundary. By reacting with humor the teacher deflected conflict and maintained a positive classroom dynamic.

In examples 4, 5, and 6 good management of the classroom dynamic took place, as students transgressing a limit did not perceive that they provoked a negative reaction from teachers. Example 6 was especially remarkable, as the teacher humorously managed the limit transgression and the classroom environment remained positive.




Social Limit Transgressions

Social limits are a kind of civic limits with particular characteristics. They are institutional rules that facilitate the harmonious functioning of school and as such, they are explicit norms. But at the same time, these norms are embedded and naturalized for most local students. As social limits are imbricated in community life, locals do not usually violate them, while for non-locals, these rules are not so obvious. Hence, under specific circumstances, non-locals transgress them. In this case study, these rules relate to Basque society and its education system, where both local and immigrant students were supposed to be integrated. One explicit rule is that Basque is the basic language in the public education system, and it is compulsory to study it. As such, it is also an implicit rule according to which students are classified and distributed, as classes are organized in terms of the level of Basque instruction. However, it is important to note that students (and their parents) choose the level of Basque they are instructed in. The six immigrant students who form the basis of these observations were enrolled in a classroom with a low Basque instruction and transgressed this social limit when they opposed Basque language learning, while local students involved in the larger ethnographic study did not. The latter also chose a higher level of Basque instruction.

Commonly, interactions where teachers tried to teach students words in Basque elicited blunt responses, such as “I don’t like the Basque language,” or “Why do we have to learn Basque?” In the following examples I will show indirect ways students tried to avoid speaking Basque or questioned its validity.


Example 7

During a Basque lesson, Teacher 4 tried to motivate students in various ways. Basque was especially difficult to teach, as students did not understand its importance in Basque schools and the community. It is also a difficult language to learn as it does not have many common elements with other languages. In this example, the teacher started the session by asking students about their ethnic origins:

Teacher 4: Nongoa zara? [Basque]

Where are you from?

Many students answered in Spanish and most seemed to be happy about the classroom dynamic. However, when the teacher started an explanation about Basque grammar the tone of students’ interventions changed.

Ana: ¿Qué?, Profesora, no entiendo. [Spanish]

What? Miss, I don’t understand.

Myriam: Jo, ¿qué? (? [Spanish])

Really, what?

In these interventions no specific question was posed and they were aimed at interrupting the explanation. They also led to a small boycott of the classroom dynamic and constitute transgressions in the sense that they aimed to prevent the Basque lesson from advancing. Although this type of behavior was occasionally observed in other subjects, it was most common during Basque lessons.



Example 8

This example also took place in a Basque class after some students had bluntly expressed their dislike of Basque. Teacher 4 felt offended and decided to ask one by one whether students liked Basque or not.

Teacher 4: Y a ti, te gusta (el euskera)?

Do you like Basque?

Ana: A mi antes no me gustaba lo del euskera y eso, pero ahora bien.

Before I didn’t like Basque and all that, but now it’s okay.

David: Me da igual.

I don’t care about it.

María: Normal

Normal

After these interactions, the teacher felt disappointed to see a lack of student investment in Basque. In contrast to the previous example, students demonstrated passivity, which frustrated their teacher. The limit transgression was initiated by students claim to dislike Basque, continued when the teacher felt the questioning of its validity and reacted to it, culminating in the students’ negative response. This transgression and teacher reaction led to a negative classroom environment.



Example 9

This example involves a complex history of interactions between Teacher 2 and Juan. Juan had observed many interactions between Teacher 2 and other students where the teacher reacted defensively toward complaints about learning Basque. In this case, in principle, Basque learning was not involved, but the teacher was unhappy with the results these students had obtained in an exam. After a tense interaction between the teacher and students, Juan, again testing limits, suddenly asked:

Juan: ¿A ti te gusta tu lengua (euskera)?

Do you like your language (Basque)?

Teacher: A ver, Juan, no se trata de que te guste o no te guste. Es mi lengua.

Juan, it is not about liking it or not. It is my language.

In this case, Basque learning was not directly involved but had been a matter of tension on other occasions, which Juan exploited. After the teacher showed irritation at the students’ low marks, Juan decided to bring up Basque language, out of the blue, probably to provoke the teacher even more. His interaction was aimed at bringing up a matter of conflict in the classroom. This indirect way of questioning the validity of Basque transgressed a social limit.





DISCUSSION

This paper has analyzed interactions in a multi-ethnic school setting. More precisely, it focused on the kinds of adolescent interactions between six adolescent students and four teachers in a highly ethnically diverse Basque school setting. Data shows that there are three kinds of interactions performed as transgressions. Transgression in this paper has referred to the act of using language or physical interactions to transgress a limit, which separated deviant from appropriate behavior. According to Foley et al. (2012), limits are contextualized in specific settings and in this case I have defined three kinds: personal, civic, and social limits. The first is limited by the interpersonal boundaries and dignity of student relations, the second is defined by the rules in a school as an academic institution, and the third is a specific limit related to respecting and promoting a local minority language. Following Jenks (2013), transgressions of these limits reaffirmed the norm and tension was produced in each of the examples. This tension sometimes resulted in a negative environment, whereas other occasions were answered with humor, promoting a positive classroom environment. Hence, the first hypothesis is refuted, as classroom environment was dependent both on the transgressions and the response to these: if the response was humorous, the classroom environment was prone to being positive.

Adolescent limit transgression, as observed in this case study, showed a need to mark difference and elicited a self-determined response from individuals in each of the examples presented. Following the concept of identity-in-interaction by Bucholtz and Hall (2005), identity was performed via transgression in each of these cases. Such excess was a performance of an identity that opposed the limit and I argue that it was a necessary experience for students. Experience was the basic element for adolescent identity constitution, as each experience was unique and each interaction differed, leading to a specific kind of identity transformation. In this case, identity was constituted in opposition to rules, using transgression as a tool to experiment with limits. When personal limits were transgressed, the socially accepted rules of interpersonal peer interaction were being actively resisted. Similarly, when civic limits were transgressed, institutional rules were directly or indirectly opposed, as explicit rules designed to facilitate the smooth functioning of the school were not respected. Opposition was also considerable in the case of learning Basque, as immigrant students transgressed this social limit of the school and teachers: to promote and protect Basque. Oppositions to each of the personal, civic, and social limits were necessary experiences in the identity formation of each of these subjects. Identity in each of these cases was performed in transgression, via opposition to the socially accepted rules of interaction, in each of their forms.

This paper has contributed to the theory of identity-in-interaction by introducing the concept of transgression to a Basque case study. More precisely, by analyzing transgressions of personal, civic, and social limits by six immigrant students in a Basque school, it concludes that transgressions constitute identities-in-opposition to the main rules of social interaction. Social limit transgressions were the most salient interactions in performing an identity, by resisting one of the main rules in Basque schools: learning Basque. These students represent common attitudes among immigrant students in this and other schools in the BAC more broadly, in contrast to local students who do not tend to transgress the rule of learning Basque. In fact, social limits for local students were naturalized and often unnoticed, making them unlikely to be transgressed. Social limit transgressions were noteworthy in this case study, as immigrant students refused or complained about learning Basque, the minority language that acts as an identity marker for a large part of the Basque community. This sometimes led to intercultural conflict, as teachers felt their work as promoters of Basque identity was undervalued or misunderstood. Hence, the second hypothesis is confirmed, as immigrant student identity was performed in transgression, which was an acrimonious intercultural interaction, and this constituted an obvious problem when Basque learning was involved.

A limitation of this study is that it does not analyze the social class disparities between immigrant and local students. Such a comparison could comprise the analysis of ethnic inequalities in relation to limit transgressions in academic contexts. Finally, this study contributes to the literature of second and third language acquisition in the case of immigrant students and the management of intercultural conflict in educational settings. Based on the results, I suggest that how teachers express sensitive personal responses to student transgressions related to the learning of Basque can improve classroom management and student learning. Finally, this study opens new avenues for research in multi-ethnic and multilingual environments when minority language learning is involved.
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In recent years, several studies have advocated the need to expand the concept of patient autonomy beyond the capacity to deliberate and make decisions regarding a specific medical intervention or treatment (decision-making or decisional autonomy). Arguing along the same lines, this paper proposes a multidimensional concept of patient autonomy (decisional, executive, functional, informative, and narrative) and argues that determining the specific aspect of autonomy affected is the first step toward protecting or promoting (and respecting) patient autonomy. These different manifestations of autonomy are not mutually dependent; there may be patients who have problems in one dimension, while at the same time being fully autonomous in others. Nevertheless, a close interaction has been observed between the various dimensions, and indeed, a phenomenological analysis shows that damage to or a reduction in one aspect of people’s capacity for self-government generally affects other aspects of their autonomy, which in turn disrupts their identity and the way in which they see themselves and are seen by others. In this paper, I shall examine some of these interactions and show how they may lie at the heart of the problem of poor treatment adherence in many patients with chronic ailments (where adherence is defined as being the extent to which a patient’s behavior over time coincides with the recommendations made by and agreed with their health professional). One example given is that of psoriasis, a chronic skin disease with a very poor adherence record. In Spain, it is calculated that 85% of patients diagnosed with mild to moderate psoriasis fail to comply properly with their treatment, and figures from other parts of the world are similar. Although there are many possible causes for non-adherence among psoriasis patients, assessing their decisional, executive, and narrative capacities and taking appropriate action based on the results may help increase adherence rates.

Keywords: patient autonomy, decisional autonomy, executive autonomy, narrative autonomy, capacity, identity, adherence to treatment, psoriasis


INTRODUCTION

The debate on patient autonomy has been a central feature in the development of bioethics and, more specifically, clinical ethics. In one of the most influential works written on the subject, Beauchamp and Childress (1979/2001, p. 58) state that all theories of autonomy agree that two conditions are essential for autonomy: liberty (independence for controlling influences) and agency (capacity for intentional action). However, medical ethics has largely been more concerned with the regulatory dimension, i.e., the principle of respect for autonomy, than with the theories of autonomy underpinning that principle (Arrieta, 2016). It has emphasized the first element (the liberty that must be afforded subjects to choose and act) and neglected the second (their capacity to implement the options they freely choose). Much of the clinical literature centers more on legal aspects of how to protect a right than on the personal or subjective aspects underlying patients’ capacity to decide autonomously (Casado and Etxeberria, 2014, p. 36).

The prevailing perspective of autonomy is strongly influenced by legal and juridical constructs designed to protect the right that citizens enjoy under normal circumstances to run their own lives (Gracia, 1989/2008, 2012; Tauber, 2005, 2011; Arrieta, 2012; Arrieta and Casado, 2014), such as those proposed by Frankfurt (1971), Dworkin (1988), and Christman (1989). These definitions of autonomy were not developed specifically for individuals with a disease or disability, but rather for healthy agents and citizens. These models of autonomy have been influential in discussions related to free will (Müller and Walter, 2010, pp. 206–207) but have also become the standard model of autonomy used in bioethics (Felsen and Reiner, 2011).

Agich (2007) writes that chronic care has generally been of only peripheral interest in bioethics. In the final decades of the twentieth century, for reasons of pragmatic necessity and operativity, work in the field concentrated mainly on the fast and urgent decisions that have to be made in tertiary healthcare, with immediate and sometimes dramatic, life-or-death, consequences. Because the concept of patient autonomy has been developed within the context of acute care, it rightly centers on decisional (or decision-making) autonomy, i.e., the patient’s capacity to understand information and to make voluntary decisions (Naik et al., 2009). The most widespread notion of autonomy is identified with the freedom of choice of someone who is rational and capable of making decisions (Cassell, 2010). In the literature on bioethics, there is a constant tendency to equate autonomy with autonomous decision-making (see seminal works on medical ethics such as Reich, 1978; Beauchamp and Childress, 1979/2001; Jonsen et al., 1982), and the greatest autonomy-related problems are generally linked to issues such as informed consent, decision-making capacity, and surrogate decision-making in the case of people who have been declared mentally incompetence (Agich, 2007, pp. 74–75).

The nature of autonomy varies depending on the social context in which the concept is applied (Anderson, 2013, 2014a,b). In acute care situations, it is quite appropriate to view autonomy almost exclusively in decisional terms, for the purposes of accepting or rejecting a specific therapeutic decision. This decision-making process can be approached in a similar way to that habitually exercised by healthy and able-bodied individuals, and legal or juridical notions of autonomy may therefore be both appropriate and useful. However, these models of autonomy are much less satisfactory when it comes to situations of chronic disease and primary medicine, where interaction between professionals and patients is notably different and specific decisions are probably less important than the continued maintenance of the relationship itself. As well as strictly medical issues and respect for freedom of choice, greater attention should be paid to the particularities of patients or people in need of healthcare, i.e., the biological, psychological, and social aspects that enable them to be autonomous. In many such cases, especially in situations of chronic fatal illness or degenerative diseases, any autonomy that does exist is precarious and in decline and therefore considerably removed from the “autonomy yes/autonomy no” way in which it is presented in decisional ethics. In situations of illness or weak or precarious health, autonomy has a different meaning than in other areas (such as the legal context) for the simple reason that it is diminished or compromised. Because autonomy can only be respected if it exists (Matthews, 2007, p. 129), before respecting autonomy, healthcare workers must first seek to restore it (Arrieta, 2012, p. 28). Many authors therefore consider it paradoxical to view respect for autonomy as the overriding rule in medical ethics, given that in many cases, there is very little autonomy to be respected (Kittay, 2007; Nys et al., 2007).

Viewing decision-making capacity as the only feature of autonomy means ignoring many of its other manifestations. For this reason, it is necessary to “decentralize autonomy” (Meyers, 2005). While capacities for critical reflection or rational decision-making are essential in managing autonomous conduct, they belong to only one of the registers through which human autonomy emerges. In recent years, several authors (Casado, 2009; Naik et al., 2009; Seoane, 2010, 2013; Arrieta and Casado, 2014; Casado and Etxeberria, 2014; Arrieta, 2016) have advocated expanding the concept of patient autonomy to include not only patients’ ability to make free and therapeutically informed decisions (the decisional dimension) but also their capacity to plan, sequence, and perform tasks related to the management of their chronic diseases, i.e., to adhere to the chosen therapeutic plan (the executive dimension). Other areas to be included are the ability to perform the basic vital functions and tasks that can be carried out by a statistical majority of people (the functional dimension); to have control information on their situation in the manner of their choosing (informative dimension); and to retain, understand, and communicate to others, in a sufficiently coherent and understandable manner, the main identitary aspects that have characterized them during their lives (the narrative dimension).

This paper is based on the premise that knowing which aspect or aspects of autonomy are affected is a necessary prerequisite for protecting or promoting (and respecting) patient autonomy. Different ailments or circumstances (a medullar injury, depression, poor management of information, etc.) involve the impairment of one or more different manifestations of an individual’s autonomy, and each one should therefore be studied separately. One of the requirements for a good understanding of a patient’s situation and the provision of good medical care is therefore to identify which dimensions are compromised or damaged. This leads us to pose a number of research questions: How are these dimensions related? Do they interact? If so, how? And what effects do they have on patients’ identity and medical and care processes?

The different manifestations of patient autonomy are not necessarily related or mutually dependent. Patients may show a deficiency in one manifestation, while being fully autonomous in others. Nonetheless, a close interaction can be observed between the different dimensions, and a major deficit in one capacity can cause a limitation in others. This combination of capacities directly impacts peoples’ identity, i.e., how they see themselves and how others see them. This paper offers some examples of these interactions and seeks to show how they may lie at the root of non-adherence issues in many patients with chronic ailments. Although there are many reasons for non-adherence (World Health Organization, 2016), my hypothesis is that appraising patients’ decisional, executive, and narrative capacities and acting accordingly may contribute to improving the situation. To test this hypothesis, I take a chronic skin disease, psoriasis, which presents very low levels of adherence to treatment.



ADHERENCE TO TREATMENT

The management and treatment of chronic diseases is one of the most pressing challenges facing societies with an aging population, as is the case in Europe. As well as ruining the lives of millions of people, chronic diseases can be extraordinarily costly for society when not treated successfully. Non-adherence is a global phenomenon with serious consequences: loss of control over the disease, high costs for the health system due to an increased level of hospital admissions and readmissions, frustration among healthcare workers, reduced quality of life, high degree of family, and social attrition, etc. (Rojas Marcos, 2012). Adherence to long-term therapy for chronic illnesses in developed countries averages 50%. In developing countries, the rates are even lower. Increasing the effectiveness of adherence interventions may have a far greater impact on the health of the population than any improvement in specific medical treatments (World Health Organization, 2003, p. XIII). Understanding the causes of low adherence to treatment and developing strategies for neutralizing them would therefore provide enormous benefits to patients, medical professionals, and society at large.

I define adherence as being the degree to which patients’ behavior over time (taking a drug, following a diet, altering habits and lifestyle) coincides with the recommendations agreed between them and their healthcare professional. In the area of treatment, non-adherence may be either primary (failing to redeem the prescription at the pharmacy) or secondary (forgetting to take the drugs, prematurely discontinuing treatment, taking incorrect doses, changing dosing intervals, etc.) (Puig et al., 2013, p. 493).

Over the past few decades, the development of approaches aimed at ensuring that patients continue therapy for chronic conditions over long periods of time has gone through several phases. Initially the patient was thought to be the source of the “compliance problem.” Compliance is the fulfillment by a patient of a caregiver’s prescribed course of treatment. The term “adherence” has been proposed as an alternative to compliance and is growing in popularity. The word adherence is now preferred by many healthcare providers because “compliance” suggests that the patient is passively following the doctor’s orders and that the treatment plan is not based on a therapeutic alliance established between patient and physician. Furthermore, the idea of compliance is too closely associated with blame, on the part of either the providers or the patients, and the concept of adherence is a better way of embracing the dynamic and complex changes required of many individuals over long periods in cases of chronic disease. While the term “compliance” is seen as being overly normative and focuses exclusively on the patient’s behavior, the term “adherence” involves an assumption of shared responsibilities. Adherence is a complex behavioral process determined by various interacting factors, including the specific characteristics of the patient and the nature of the disease and its treatment but also the patient’s environment (operation of sanitary equipment, characteristics of the health system, social support, accessibility to health services, etc.). Physicians may contribute to poor adherence among patients by prescribing complex regimens, failing to adequately explain the benefits and side effects of a medication, not taking the patient’s lifestyle or the cost of the medication into consideration, and having a poor therapeutic relationship with their patients. Practitioners should always be alert for poor adherence and may mitigate the problem by emphasizing the value of a patient’s regimen, making it simple, and customizing it to the patient’s lifestyle (Vermeire et al., 2001; Osterberg and Blaschke, 2005; Barr, 2011).

Most of the studies conducted to date on treatment adherence relate to chronic diseases which involve a high cost for the patient, the healthcare industry and, by extension, the government also. Chronic diseases such as asthma, diabetes, hypertension, and HIV infection, or addictions such as smoking, have traditionally been cited in the literature as examples of challenges to adherence (World Health Organization, 2003; Osterberg and Blaschke, 2005). However, our knowledge of adherence levels in topical medication is limited. The reason may be the route of administration or the fact that, in many cases, the condition is not life-threatening (Peralta and Carbajal, 2008). Although many different methods are available to measure medication adherence, the lack of a gold standard for doing so in cases of topical therapy continues to pose challenges (Feldman et al., 2008). There is a need for improved quality of research and reporting in this area (Thorneloe et al., 2012).



PSORIASIS

Psoriasis is an inflammatory disease of the skin (and occasionally of the joints) which causes thick red patches or plaques of skin, covered with silvery scales. It is caused by abnormally rapid renewal of skin cells (whereas healthy skin cells are replaced every 28–30 days, among patients with psoriasis, the process takes 4–6 days). It is a non-contagious disease, with a certain genetic predisposition, although its exact etiology is largely unknown. Psoriasis develops erratically and unpredictably, with disease-free periods alternating with affected periods which may vary greatly in duration and intensity. Generally speaking, however, psoriasis is a chronic condition. It has been calculated that up to 80% of those affected suffer from the disease throughout their lives, either intermittently or continuously, with adverse emotional or psychological circumstances (bereavement, depression, periods of stress, etc.) sometimes acting as triggers or aggravators.

The negative impact of psoriasis on people’s lives can be immense. Psoriasis affects people of all ages and in all countries. The prevalence of psoriasis in countries ranges between 0.09 and 11.43%, making psoriasis a serious global problem with at least 100 million individuals affected worldwide (World Health Organization, 2016, p. 1). Psoriasis is one of the most frequent reasons for consulting a dermatologist (Puig et al., 2013) and one of the chronic diseases with the lowest adherence rates among patients. After years of work by a large number of patients’ organizations, in 2014, the World Health Organization passed a resolution recognizing psoriasis as “a chronic, non-communicable, painful, disfiguring, and disabling disease for which there is no cure”. This initiative turns the spotlight on the pathology, calling on member states to promote more research and to implement effective strategies to improve treatment, as well as encouraging them to engage further in advocacy efforts to raise awareness regarding the disease and to fight the stigmatization experienced by sufferers (World Health Organization, 2014, 2016).

Perhaps, the great therapeutic deficit with regard to psoriasis is that most of those affected either do not follow or incorrectly follow the treatment agreed upon with their doctor. In Spain, it has been calculated that 85% of patients diagnosed with psoriasis do not properly comply with treatment (Rojas Marcos, 2012); these figures are similar to those for other parts of the world (Kuehl and Shear, 2018). Patients with the lowest rates of adherence include those with mild to moderate psoriasis (i.e., affecting between 3 and 10% of the total body surface), who are generally prescribed topical treatment (creams, ointments, gels, etc.). For approximately 70% of patients, such therapy is their only option (Puig et al., 2013; Schaarschmidt et al., 2013; Kuehl and Shear, 2018). Topical therapy remains a pillar of psoriasis management, and adherence to treatment is a determining factor in ensuring efficacy. However, numerous studies specifically indicate that many patients with psoriasis consider the topical treatment to be one of the most negative aspects of the disease (Feldman et al., 2008; Rojas Marcos, 2012; Puig et al., 2013; Choi et al., 2017). The treatment must be applied correctly and on a continuous basis. It requires time, discipline, and constancy, and the results are not always evident or may be unsatisfactory, causing patient frustration and apathy. As a consequence, most patients either fail to apply the treatment properly or give up on it. It is estimated that nearly 50% of patients with psoriasis do not even purchase the prescribed product, and of those who do, up to 70% do not use their medication as per the instructions, which are often inadequate, confusing, or difficult to follow (Puig et al., 2013).



THE FIVE DIMENSIONS OF PATIENT AUTONOMY

Perhaps, because the concept originally stemmed from the legal tradition (Gracia, 1989/2008; Tauber, 2005, 2011), and because it initially centered on tertiary or emergency medicine (Agich, 2007; Naik et al., 2009), the prevailing clinical literature has tended to reduce patient autonomy to decision-making. The working assumption is that patients are autonomous if they show the capacity to make informed decisions. The obligation of healthcare workers is therefore to check that this capacity has not been diminished, either by the disease or any other circumstance. They must do everything possible to ensure that patients (or their representatives in case of incompetence) understand all issues related to their clinical status; inform them of the possible courses of therapeutic action available to them and make sure that they are acting of their own volition and not under any external duress. If so, patients are considered to be autonomous, and by extension competent to make decisions related to their bodies or health, and it is the practitioners’ duty to accept and respect their decisions.

Decisional autonomy refers to patients’ freedom of choice, in other words, their capacity to deliberate and decide on a course of action from among a suitable range of useful options (Seoane, 2013). This autonomy is exercised in a communicative process between the medical practitioner and the patient, subject essentially to three requirements: patients must (1) act voluntarily, i.e., with no external duress, (2) have sufficient information regarding the decision they are going to make (i.e., the aim of the decision, any risks and benefits and possible alternatives), and (3) have the capacity, i.e., possess a series of psychological (cognitive, volitional, and affective) capabilities, to be able to know, appraise, and manage this information properly, to make a decision and to express it (Simón, 2008, p. 327; Arrieta, 2016).

Decisional autonomy was the first dimension to be addressed and consolidated. It is also the most ethically and legally developed, based on the theory of informed consent (Seoane, 2013, p. 30). However, autonomy consists of much more than just the right to informed consent (which in many cases involves no more than asking a patient to sign a document they do not understand) and decision-making. Reducing autonomy in this way hampers the work of professionals and carers and can often create an atmosphere of mistrust amongst the different actors involved in the care relationship (Arrieta and Casado, 2014). Since it mainly affects the defense of users’ rights, the issue of autonomy is restricted to its legal dimension (Gracia, 2012) and to informed consent (Nys et al., 2007; Puyol, 2012). Subjective personal aspects are neglected (Casado and Etxeberria, 2014), turning the patient into a “thing with rights”, forced to make decisions while their autonomy is ignored (Tauber, 2005, p. 17).

Moreover, the individualist perspective of much of the bioethical discourse does not fit well when applied to chronic disease and primary and family care. Concepts such as patients’ rights and autonomy need to be reviewed in this context. Here a relational, narrative, and participatory model of autonomy, grounded in the specific physiological and psychological circumstances of each patient, is more appropriate. Work carried out with notions such as disability and dependence has shown that it is helpful to distinguish between the capacity to make decisions and the possibility of putting those decisions into practice (Seoane, 2010, p. 64). Authors from fields such as “Disability Studies” and “Independent Living Movements” have worked extensively with the notion of functional autonomy, i.e., patients’ capacity to perform the basic activities of daily living and to individually undertake tasks that a statistical majority of people normally perform (such as eating, seeing, walking, understanding complex situations, etc.). A number of different measures or indicators of an individual’s functional capacity are now available. They include some universal and comprehensive examples, such as those contained in the International Classification of Functioning, Disability and Health (ICF) (World Health Organization, 2001) and the Convention on the Rights of Persons with Disabilities (CRPD) (United Nations, 2006) and also more specific ones which measure and assess a concrete function.

The problem with these and other classifications is that they cannot help being somewhat arbitrary. The standard used to evaluate these functions or structures is generally “the statistical norm for humans” (World Health Organization, 2001), and it is not easy to establish a statistical norm for each human activity or to measure the degree of deficit or deviation with regard to it. Moreover, it is tremendously difficult to establish a minimally objective cut-off point between one function and another, given how interconnected and dependent they are. Article 1 of the CRPD (United Nations, 2006) groups human impairments into four categories: physical, mental, intellectual, or sensory impairments. The ICF (World Health Organization, 2001), on the other hand, divides human functions into eight groups: mental functions, sensory functions, and pain; voice and speech functions; functions of the cardiovascular, hematological, immunological, and respiratory systems; functions of the digestive, metabolic, endocrine systems; genitourinary and reproductive functions; neuromusculoskeletal and movement-related functions; functions of the skin and related structures. One might argue that this difference is due to a greater level of systemization and detail on the part of the ICF, and this is indeed the case (the aim of the UN Convention is not to list all the different impairments). The problem, however, lies not in the number of functions, but in the way they are classified. While the CRPD distinguishes between mental and intellectual functions, the ICF includes the latter among the former. For the sake of argument, I classify the wide range of bodily functions into three large groups: mental, physical, and sensory.

An individual’s degree of functional autonomy is related to the state of their mental (cognitive, psychological and emotional, awareness or memory-related, etc.), physical (motor functions, anatomical functions and structures, those related to voice and speech and, in general, all physiological functions of the human body), and sensory functions (visual, auditory, olfactory, gustatory, tactile, and pain-related). However, it is important to note that a person’s degree of functional autonomy will be made up of a combination of their capacities and the possibilities of exercising them provided by their environment. To put it very simply, capacity is merely the aptitude or skill a person has to perform a task or action. They are resources that are inherent to the individual, but which require the right external conditions to be exercised. The way people function is nearly always conditioned by their environment, which rarely plays a neutral role in the extent to which they realize their capacities. It is often rightly remarked that a lack of functional autonomy derives not only from the disabilities people have but also from disabling environments. We shall return to this matter below.

When the disease is chronic, patient autonomy is greater, but also more complex. It becomes more mundane, applying to more every day, and long-term cases. Autonomy goes beyond mere decision-making and becomes a process which is extended or executed over time. In simple terms, executive autonomy may be defined as the capacity to implement the decision made and maintain it over time, in other words, to execute it. In the clinical sphere, this means that it involves the patient’s capacity to plan, sequence, and perform tasks related to the management of their chronic disease, especially those related to the planning and execution of treatment (Naik et al., 2009). Whereas functional autonomy relates to the material possibility of performing a task (e.g., getting dressed without help), in the case of executive autonomy, the essential aspect is the ability to keep to the course of action decided upon (e.g., quitting smoking). This element of autonomy was already implicitly suggested in some early bioethical works, such as the definition of the autonomous person given in the 1979 Belmont Report (National Commission for the Protection of Human Subjects of Biomedical and Behavioural Research, 1979) or the condition of intentionality which Faden and Beauchamp (1986) developed in their ethical theory of autonomous action. However, its importance is greater when we shift the perspective from acute care, where a plan of intervention and care is authorized by the patient and executed by the clinical team, to chronic care, where the patient authorizes that plan and then plays an essential role in implementing it.

Healthcare professionals tend to interpret patients’ non-compliance or abandonment of therapy as a conscious and autonomous refusal to follow their recommendations or as the result of deficient understanding of the nature of the disease or the proposed therapeutic regimen. However, some patients with chronic conditions may be capable of articulating a clear understanding of the treatment and be entirely convinced that they will adhere to it when they visit the doctor but then prove incapable of performing the required tasks in their everyday lives. Clinicians generally have little awareness of these impairments, especially those linked to executive capacities, and do not actively take this aspect into consideration when developing treatment plans. This incapacity is ethically and clinically significant, as the patient’s executive autonomy may be essential for effectively supervising and executing the treatment plan (Naik et al., 2009, p. 24). As well as the problem of non-adherence, the consequences of ignoring or understating the importance of executive autonomy can be “poorer health outcomes for patients, repeated hospitalizations, and frustrated clinicians” (Russell, 2009, p. 32).

Autonomy is extolled in individuals, but individuals are only autonomous with and thanks to others (Casado, 2014). Good care is the product of a dialog (Nys et al., 2007, p. 15). Rita Charon and other early advocates of the concept of narrative medicine have argued that communication between doctor and patient is the key to implementing a more humane model in medicine. In the last few decades, fields such as law, history, philosophy, anthropology, sociology, and politics have become aware of the importance of “narrative knowledge” (Charon, 2001, p. 1898). More recently, there has also been much talk of a “narrative shift” in bioethics, medicine, and nursing. The main purpose is to provide patients with better care, gain a deeper knowledge of their cases, understand them, and be closer to them (López de la vieja, 2013, p. 25). This cooperative model requires a certain “narrative competence” on the part of the practitioner, i.e., “the ability to acknowledge, absorb, interpret, and act on the stories and plights of others” (Charon, 2001, p. 1897). The doctor must be able to see beyond the “case” to be treated, in order to take in the whole-life situation of the individual (Gadamer, 1996, pp. 56–57).

The loss of balance experienced by a patient with a disease is not only a medical/biological fact; it is also a process linked to their life history and their relationship with others. The patient is no longer the same person as before. The individual becomes alienated and detached from their life story. This is where the idea of narrative autonomy comes in. This is the capacity that patients have to retain, understand, and communicate, coherently and understandably for others, both the circumstances of their present situation and the subjective, identitary, and cultural aspects that have characterized them during their lives and which may be of relevance when it comes to developing a suitable and respectful line of therapeutic action. Narratively autonomous patients are capable of integrating their decisions into a narrative that they can share with others, complementing the practitioner’s clinical record with a first-hand personal vision of their illness (Casado and Etxeberria, 2014). Such narratives are both subjective—after all, who is better placed to tell their life stories than patients themselves?—and intersubjective, since they require other people to be capable of recognizing and accepting the account they build of themselves. Merely being able to articulate a narrative is not a guarantee of the patient’s narrative autonomy. Narrators must be capable of exteriorizing their experience, communicating their intentions, and using the necessary agential capacities to interact with and influence other people, and to do this, they require a minimally coherent and intelligible story that matches the reality. Having narrative autonomy means being capable of participating in certain types of communicative interactions with others, and it requires fundamental concurrence on the most basic features of the reality shared by patient and audience (Schechtman, 1996, pp. 119–120).

Finally, informative autonomy involves patients’ ability to access and control their personal, intimate, private, and public information (Seoane, 2013, p. 31). Informative autonomy covers, inter alia, the personal management of clinical information, the right to communicate or protect such information, the doctor’s duty of confidentiality, and the skills required to communicate with others about the condition (Casado and Etxeberria, 2014, p. 54). Whereas in the decisional dimension, the information has an instrumental value and refers to all medical aspects (details about treatment, side effects, etc.) that the patient needs to know to make an informed decision, in the informative dimension the information has an intrinsic value and enables patients to decide for themselves when and under what conditions they disclose situations referring to their own life and health (Seoane, 2013, p. 31). Either through omission or ignorance, certain aspects of informative autonomy have yet to be integrated or consolidated in healthcare. Most theoretical studies and legal provisions to date have been written from a traditional perspective, focusing above all on the obligation to professional secrecy, patient privacy, and the confidentiality of the clinical documentation. However, a wider approach is needed that will also cover the most essential element of the informative dimension in the clinical field, i.e., all matters related to the protection, safekeeping, and management of personal data by the patient (Seoane, 2010, p. 64).



AUTONOMIES IN INTERACTION

In legal/juridical constructs of autonomy, it seems logical to equate the concept with a certain psychological capacity that individuals require in order to make decisions and assume responsibilities. In these theories, the central aspect is individuals’ mental state, their transitory or permanent capacity to take responsibility for their actions. Christman (1989, pp. 5–6), for example, observes that the “psychological ability for self-government” is the common core of all conceptions of autonomy. He argues that features such as authenticity or self-determination, or notions of autonomy such as individual choice or political right, derive from this initial characteristic. However, in the medical domain this approach is insufficient. Patient autonomy has many different faces (Schermer, 2002) which would be excluded if one were only to cover mental or psychological aspects.

The different dimensions of patient autonomy should not be viewed as isolated realities, but rather as a continuum (Seoane, 2010, p. 63). Nonetheless, it may be helpful to address each one independently. Each dimension becomes especially visible at different moments or stages in the clinical-care process (when approving a medical operation, introducing a given treatment, managing information on a patient, dealing with people with physical disabilities or some degree of dementia, etc.). The duties and obligations they involve for healthcare practitioners and carers also vary (respect in some cases, restoration or promotion in others, etc.). As already discussed, autonomy entails considerably more than just decision-making by the patient and respecting that autonomy involves much more than simply presenting an informed consent form for signing. What is generically known as “patient autonomy” arises in different circumstances and in very different ways; some are well-established and traditional (such as decisional autonomy), but others have yet to be integrated or consolidated in the clinical relationship.

As stated earlier, the five manifestations of patient autonomy are not necessarily related or mutually dependent. Some patients enjoy only limited functional autonomy yet are decisionally, executively, or narratively autonomous. In other cases, poor executive autonomy may be found with no other significant autonomous deficit. Other patients are capable of self-determination but are the object of a pact of silence, and so on. In all of these cases, we see a problem in the patient’s capacity for self-government, but only in one of the five elements that together make up their autonomy. However, a phenomenological examination shows that an impairment or damage to one aspect of a person’s capacity for self-government can strongly affect other aspects. The dimensions of patient autonomy can be seen as a connected net: if one element falls, it can drag down another or even all of the others. They therefore need to be studied separately, but also, as Naik et al. (2009) suggest, it is necessary to study the “biopsychosocial correlates” linking them, given that a major shortfall in one manifestation of autonomy may act as a limitation in other dimensions. If a person suffers brain damage as the result of an accident, different manifestations of their autonomy will be impacted. When patients lack any kind of information on their condition, they will be unable to decide and act freely. If a tetraplegic person does not have adequate resources to lead their life, many questions related to decisional or executive aspects will no longer be relevant, etc.

Let us take, for example, the connection between decisional and narrative autonomy. Some psychiatric patients (including those in hospital) with a distorted narrative autonomy have been found to be capable of making fairly uncomplex decisions regarding their treatment and other areas of their lives. However, in general, a person’s narrative capacity is what sustains and legitimates decision-making; patients will retain their decisional autonomy as long as they know how to frame their desires and decisions within a narrative that is coherent and intelligible for themselves and others. Patients’ decisional autonomy only makes sense if it is framed within a wider identitary and agential framework within which the individuals explain themselves and establish relations with others. To put it another way, a person will show capacity for complex decision-making (and there will therefore be an obligation to respect their wishes) to the extent that they manage to integrate what happens in their life into an autobiographical narrative which matches the reality and perceptions of those close to them.

Let us now look at the interaction between decisional autonomy and functional autonomy. Take the case of an individual who is entirely healthy and competent from a psychological point of view but who has suffered a medullar injury as a result of an occupational accident and requires rehabilitation to walk again. Such a person currently has a lack of autonomy even though their psychological ability for self-government is not impaired. In this case, the work of all the agents involved (nurses, doctors, family members, public institutions, etc.) must be geared not so much toward “respecting” their autonomy as “promoting” or “restoring” it. Let us now consider the opposite case, a patient with no significant physical or sensorial impairment but with a serious mental disorder. Here too, the patient has a lack of autonomy. However, whereas in the first case, the absence of autonomy was only functional and did not concern their capacity for decision-making (which needs to be respected just like that of any other patient); in the second case, the mental damage not only represents an impairment to their capacity for decision-making but also to other aspects of their autonomy. An important deficit in a person’s mental capacity will result in a diminishment of both their decisional and functional autonomy. We can therefore see that people’s mental capacity is the link between decisional and functional autonomy (see Figure 1).
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FIGURE 1. Relationship between decisional and functional autonomy.
 

This link can be found in all dimensions of autonomy. Unlike physical, sensory, or executive capacity, in order for human autonomy to exist, there must always be some degree of mental capacity. An inability to walk or see usually entails a reduction in autonomy, but it does not necessarily mean an absence of other aspects of self-government. On the contrary, however, in cases of serious mental damage, no other dimension of autonomy is possible. It therefore follows that the individual’s mental capacity is a necessary but not in itself sufficient element of patient autonomy (Arrieta, 2016). It is a necessary element because all dimensions require a certain mental capacity on the patient’s part. Patients with very severe mental impairments are not capable of making decisions (decisional autonomy); of performing for themselves many tasks that a statistical majority of people can perform (functional autonomy); of keeping to a given treatment over time (executive autonomy); or of manifesting their communicative intentions in such a way as to mold the response of their audience (narrative autonomy). And clearly, we can also rule out any informative autonomy, which requires that patients be “capable” of controlling and managing their personal information. Yet mental capacity is not in itself sufficient because limited autonomy may be due to a mental disability but also to other factors: there are patients who are fully mentally capable but have problems with autonomy (see Figure 2).
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FIGURE 2. Mental capacity, necessary element of patient autonomy.
 

To illustrate this thesis, let us return to the issue of psoriasis. The disease comes in many variants, ranging from miniscule marks on an elbow to the most severe forms, which affect over 90% of the body surface, and which cause serious and even fatal health problems for the patient. In most cases, having psoriasis does not involve a physical deterioration or limitation in a person’s functional, motor, or mental capacity. To put it simply, people who are diagnosed with psoriasis are perfectly capable of continuing with their normal everyday activities (except in the most severe cases or those with a major psychological impact). Yet many patients have difficulties in another aspect of their autonomy, namely their capacity to apply the treatment agreed upon with their medical professionals. In the following section, I shall examine in greater detail the interaction between decisional autonomy and executive autonomy. I aim to show that by working jointly on the two dimensions, it is possible to increase adherence to treatment in many chronic diseases.



DECISIONAL AUTONOMY, EXECUTIVE AUTONOMY, AND PSORIASIS

Among the different clinical tools available for assessing the mental capacity of patients with a psychiatric or medical pathology, perhaps the most useful and effective is the MacCAT-T (MacArthur Competence Assessment Tool for Treatment) interview (Grisso and Appelbaum, 1998). This instrument has become “the benchmark protocol” for evaluating mental competence (Simón, 2008, p. 345). It is the most widely used tool around the world, enjoying the greatest empirical support (Pose, 2015, p. 82) and offering the greatest reliability to evaluators (Ventura et al., 2014). The interview assesses the patient’s degree of competence in decision-making in four psychological areas: (1) expression of a choice by means of verbal, written, or sign language. This is the first and most elementary skill; (2) understanding of information relevant to the decision to be made; (3) appreciation, adequate assessment of the patient’s specific situation; and (4) reasoning, capacity to develop a system of logical argument, to use the information the patient has understood and appreciated to arrive at a decision (Grisso and Appelbaum, 1998). Although other authors have since made their own contributions, these are still the four essential criteria when assessing patients’ clinical and psychiatric psychological capacity, and they have even begun to be used to construct simple decision-making algorithms (Simón, 2008, p. 338).

It is important to note that the score obtained from a MacCAT-T does not offer irrefutable and categorical proof of a patient’s general ability or inability to make decisions. As the authors themselves say (Grisso and Appelbaum, 1998), the scores obtained almost never form the basis for a definitive judgment of capacity. Unlike an individual’s weight or height, their decision-making capacity is not fixed and invariable, nor is it independent of human relations; rather it is the ability to understand and decide what is suitable for that individual depending on the context, the situation, and their state at any given moment in time. For this reason, the individual’s capacity must be assessed for each specific decision, not in overall and definitive terms; indeed, Grisso and Appelbaum themselves recommend reassessing capacity whenever necessary.

It is my belief that this clinical assessment of the mental capacity of patients with chronic diseases should be extended to include the capacity to adhere to an agreed treatment plan. Patients may be capable of engaging in a forthright deliberation on the planning and goals of the treatment but be physically, cognitively, or educationally incapable (sometimes without being aware of their inability) of carrying it out successfully. The degree of executive capacity patients show has, in part, a physiological or biological explanation. In areas such as neurology, psychology, and psychiatry, the concept of “executive control functions” is very commonly used. Executive functions are cognitive and psychological skills that allow the individual to perform tasks such as anticipating and setting goals, forming plans and programs, self-regulating tasks, and carrying them out efficiently. In essence, the executive functions are concerned with “directing” behavior toward an objective, of structuring it over time. This temporal structuring of conduct is performed through the coordination of three subordinate functions, the retrospective function (required for short-term memory), the prospective function (which essentially aids conduct planning), and the control and supervision function (which enables control of stimuli and internal and external influences that may affect conduct) (Fuster, 1980/2008). In a certain sense, the executive functions are “the brain’s brain” (Lopera, 2008).

The scientific literature confirms that the frontal lobes are the neurobiological base of the executive functions. Patients’ executive skills have a known anatomical substrate. They reside in a specific place in the brain, the prefrontal cortex. As a diagnostic criterion, this is of great clinical use, since it allows empirical studies to be performed to determine whether the patient has some problem or anomaly in that area. The possible alterations that may arise following an injury to the frontal lobe are very varied: they include cognitive, emotional, mnemic, motor, personality, and behavioral impairments. The reason for this wide variety of symptoms lies in the many higher functions governed from this lobe and the complexity of its associations with other cortical and subcortical areas of the brain (Rodríguez del Álamo et al., 2003, p. 605). Recent studies have identified associations between impairments in executive control functions and treatment self-management, performance, and outcomes of chronic medical and psychiatric conditions (Naik et al., 2009, p. 28). These studies provide important empirical evidence to support the idea that one of the requirements of proper care for chronic patients is not only to assess their decision-making capacity and respect their decisions but also to assess their capacity to carry out different tasks related to disease self-management.

For a detailed assessment of different aspects of executive functions, a broad repertoire of tests has been developed in the field of neuropsychology. Those most frequently used are the Wisconsin Card Sorting Test (WCST) and variations of the Tower of Hanoi (Tower of London, Tower of Seville, etc.). These tests require a certain degree of sophistication and are quite complex to apply and interpret. Consequently, abridged tests have been developed that are simpler and quicker to conduct. The oldest and perhaps best-known of these is the “Executive Interview,” also known as EXIT 25. Another very well-known tool is the “Frontal Behavioral Inventory” (FBI), a survey directed not at the patient, but at the carer or person in charge of looking after the patient. The aim of this test is to pick up on positive or negative changes in the patient’s conduct and personality. The “Frontal Assessment Battery at Bedside” (FAB) is also very widely used. It takes around 10 min to perform and explores the functions of the frontal lobes.

Clinical tools commonly used to assess decision-making capacity (such as the MacCAT-T) should be enhanced with others that assess executive capacity. Impairments in executive autonomy can occur independently of or in conjunction with impairments in decisional autonomy (Naik et al., 2009). The cognitive areas assessed by the MacCAT-T (understanding, appreciation, reasoning, and expression of choice) should be complemented with an assessment of the psychological and behavioral aspects covered by tools that assess executive functions, in order to obtain a more complete map of each chronic patient’s abilities for autonomy. In the case of frequent readmissions due to exacerbation of the disease, adverse effects of the medicine or other supposed markers of non-adherence, the doctor should consider whether the patient’s executive autonomy to administer the complex treatment plans and integrate them into their everyday life has deteriorated, either in isolation or in conjunction with impairments in their decisional autonomy. In short, effective treatment planning can be achieved through a dynamic and iterative process of identifying patients’ decisional and executive limitations and compensating for deficiencies in their executive capacity with appropriate clinical, family, and social support.

It is also important to remember that these tests or protocols are above all intended to assess executive deterioration in very elderly people, with some form of dementia or neurodegenerative disease. More than detecting and assessing executive functions, their primary role is to detect and assess executive dysfunctions. This being the case, it would be helpful if the perspective of these tools was to be broadened and if they were to be reworked to assess the capacity of patients who are seen to have difficulty implementing their own decisions regarding their health or care plan. Poor executive autonomy (in any patient, not only the elderly or those with dementia) may be the result of an impairment or disease (schizophrenia, Alzheimer’s disease, attention deficit disorder, depression, addiction, etc.); however, it may also be due to other emotional, educational, or cultural factors that are unrelated to the disease (or predate it). Indeed, weak executive autonomy is not always associated with an illness or impairment; it may also reveal a frequent condition which is very typical among humans. Many people—sick and healthy alike—at times lack the inner strength they need to master themselves and overcome the most immediate desires or urges that deflect them from what they consider to be a higher goal (in this specific case, properly adhering to the treatment). Since ancient times, all the most influential ethical constructions in western civilization have concerned themselves with this akrasia or weakness of will. In Book VII of his Nicomachean Ethics (one of the first philosophical treatises on the issue of continence and incontinence), Aristotle (2011) examined some very common cases in which the moral agent displays no consistency but rather an internal division. When the rational part wins out, the result is enkrateia (continence), but when the irrational part (desire) vanquishes, we have a case of akrasia, that is to say, an agent who has a moral understanding of right but is led by an opposing desire not to submit to it. However, Aristotle does not link akrasia to any disease. Akrasia or incontinence (“I see the better and approve it, but I follow the worse”, as Ovid puts it) extends beyond the clinical or medical field and is an essentially moral question. It is an example of human weakness of our tendency to passively follow an impulse rather than a deliberated option.

Just as everyone is characterized by being functionally different, there is also such a thing as “executive diversity”: each individual plans and implements decisions about their life and health in their own way, at their own pace, and there appears to be no rule determining what is executively normal or healthy and what is not. Thus, just as there is no disease involved in many cases of functional diversity nor is any disease involved in many cases of executive diversity. Each individual is unique and unrepeatable; an individual’s degree of executive autonomy will be the result of their pathology, their cognitive capacities, but also of their education and way of being in the world. Medics can treat patients with functional difficulties, cognitive barriers, or simply psychological features (untidiness, impulsivity, laziness, or excessive busyness, etc.) that hinder continuity between the decision they have taken at a given point in time in the doctor’s surgery and what needs to be done over a longer period.

Because adherence to topical treatment is a complex, multifactor issue with factors varying between patients, dermatologists should focus on determining each patient’s individual adherence barriers to achieve good treatment outcomes (Choi et al., 2017). Factors influencing adherence include patient-specific characteristics, disease-related characteristics, treatment satisfaction, cosmetic acceptability, and the complexity of treatment protocols (Kuehl and Shear, 2018). At the same time, the role of the patient/physician relationship is a key issue in the management of lifelong, chronic conditions such as psoriasis. Patients want more information on psoriasis, fast treatments, clear expectations from the onset of therapy, and recognition of the emotional burden (Uhlenhake et al., 2010). Therefore, the better doctors know their patients (psychological profile; personal circumstances and motivation for combating the disease; time they have or will have available for administering the therapy; expectations and experiences with other treatments), the greater their chances of getting the treatment plan right and ensuring better adhesion. In this regard, new topical therapeutic options need to offer a combination of higher efficacy and better patient acceptability, including easier application, to reduce treatment burden and enhance patient adherence. Recent studies report that cosmetic acceptability is a key contributor to adherence. Topical spray foam vehicles are innovative alternatives to creams and ointments. Well-designed spray foam vehicles are easily spread over large areas of the skin, while importantly not leaving a greasy or oily film on the skin after application (Kuehl and Shear, 2018).



DISCUSSION: PATIENT AUTONOMY AND IDENTITY

Any consideration of autonomy must necessarily take into consideration the way in which agents interact with the environment in which they live. The autonomy of any living being must be accompanied by a certain context or environment which is conducive to the exercise of that autonomy. An individual’s degree of autonomy is related, on the one hand, to their capacity to perform different human activities, such as making a rational and conscious decision, managing their time or even pouring themselves a glass of water, and, on the other, to the range of possibilities offered them by the environment to develop or exploit these skills. Moreover, the development and exercise of the capacities enabling human autonomy are profoundly social. Only in a context of social interaction and mutual recognition, individuals can construct and develop their autonomy.

This social conception of human autonomy has been driven in recent decades by feminist philosophy and moral psychology. In the 1970s, feminist praised the ideal of autonomy and extolled its liberatory potential for women. In the 1980s, this view was challenged by other feminists who rejected the ideal of autonomy as it had traditionally been conceived. They regarded the notion of autonomy with suspicion because it was thought to presuppose a conception of the person as “atomistic,” as ideally self-sufficient, as operating in a vacuum unaffected by social relationships, or as an abstract reasoner stripped of distorting influences such as emotions. The 1990s witnessed a renewed feminist interest in autonomy but as relationally conceived (Friedman, 1997, p. 40; Stoljar, 2018). The term “relational autonomy” does not refer to a single unified conception of autonomy but is rather an umbrella term, designating a range of related perspectives. These perspectives are premised on a shared conviction, the conviction that “persons are socially embedded and that agents’ identities are formed within the context of social relationships and shaped by a complex of intersecting social determinants, such as race, class, gender, and ethnicity” (Mackenzie and Stoljar, 2000, p. 4).

Viewed in this way, autonomy reflects the capacity to perform tasks depending on the individual’s environment. In its most basic definition, capacity means the “ability to do” (being able to breathe, able to reason, able to walk); this requires from the agent both the material possibility of performing an activity or task and the skill or ability to carry it out. The first condition can be measured in absolute terms: one either has or does not have the possibility of doing something. It is, one might say, an internal or external imposition or limit, regardless of the agents’ volition or predisposition or the society in which they live. Human beings are incapable, by themselves, of flying or breathing under water. However, the second condition is more gradual and flexible and may be manipulated by human interaction and technical and technological advances. People who do not speak English will be incapable of understanding this text, although they have the possibility of doing so, either by learning the language or by using a translation tool (Arrieta, 2016). The individual is a “spectrum of ability” (faisceau du pouvoir faire) (Ricoeur, 2008, p. 72) which is manifested in multiple domains of the human: power to say, power to act on the course of events and to influence the other players in the action, and power to bring one’s own life together in an intelligible and acceptable narrative. The notion of capacity constitutes the ultimate reference of moral respect and recognition of the human as a holder of rights, and it is closely associated with the notion of personal or collective identity (Ricoeur, 1997, pp. 28–29).

However, in extensive areas of healthcare ethics, there is a tendency to use a notion of autonomy that has been idealized, as if it corresponded to the needs of mature, healthy, and self-sufficient citizens who make decisions independently, consciously, and rationally. Insofar as they restrict themselves to mental or psychological capacity, models of autonomy taken from the philosophical/legal tradition are deficient for constructing a patient’s autonomy, especially when applied in the context of chronic disease and long-term care. Here, we need to establish a model of autonomy within illness (Casado and Etxeberria, 2014), which is different from that conceived and enjoyed by healthy individuals. This reconceptualization requires, inter alia, an awareness of discoveries in neuroscience and the cognitive sciences and an emphasis on the relational nature of autonomy, two lines of work whose findings largely coincide. While physicians such as Cassell (2010) and Tauber (2005, 2011) observe that we cannot apply a concept of autonomy to the healthcare relationship that is more characteristic of healthy individuals than sick ones, recent works in the field of neuroscience suggest that even the autonomy of healthy subjects does not match the standard model. Felsen and Reiner (2011) show that human brains are capable of the hierarchical control required for reflective thought, but that decisions conventionally perceived as autonomous may not be rational with respect to the deliberative process itself, and are rarely free from covert external influences. If the capacity for autonomy of healthy individuals needs to be redefined in order to align our moral values with neuroscientific naturalism, what about patient autonomy? It is even more complex and precarious than the autonomy assumed by the standard model (Moreno and Casado, 2011).

In our research group (“IAS Research - Center for Life, Mind & Society”), we view autonomy as the preservation of an identity over time through interaction with the environment. Rather than just a capacity for self-government, we see autonomy as the way in which certain complex systems manage to maintain a precarious identity through the generation of actions that ensure this continuance. What the agent does (conduct) is ultimately related to what the agent is (organization) and vice versa (Barandiaran and Moreno, 2006). From this perspective, the most important aspect is the mutual relationship which exists between maintaining the identity of an autonomous agent—in this context, a human—and that individual’s performance in the environment (Moreno and Casado, 2011, p. 54). Hence, in defining the identity of the autonomous agent, it is essential to take into account both the constitutive aspects (internal organization of the system) and the interactive aspects (relationship with the environment) (Etxeberria and Casado, 2008, p. 13). Indeed, human beings are constitutively interactive, and inversely, interaction makes us human and moral beings. Interaction with the environment is a constitutive element in the emergence of the social and cognitive capacities of living systems.

Although they do not explicitly distinguish between functional and executive autonomy, Casado and Etxeberria (2014) have argued that the different elements of patients’ autonomy can be ordered on an axis that is related to the tension between their constitutive aspects (in the sense that they are properties of the patients vis-à-vis themselves) and their interactive aspects (the properties of the patients vis-à-vis others, such as medical practitioners and society at large). Decisional, executive, and functional autonomies are constitutive in nature because they mostly emerge from the patient’s personal qualities. However, the other two kinds of autonomy, narrative and informative, are interactive in nature; their exercise depends to a large extent on social and environmental factors and on the role played by people from the patient’s environment. Thus, patients’ power to decide for themselves when and under what conditions they choose to disclose situations related to their own lives and health (informative autonomy) will be subject to the cultural and legal modes of operating of the community in which they live. In a society that attaches little importance to the intimacy and privacy of its members, people will have little informative autonomy, however much they might desire it (Arrieta, 2016).

At the same time, any ethical judgment on a given situation depends not only on the decision-making of its participants but also on their mutual interaction (Colombetti and Torrance, 2009). This leads us to think that the patient’s autonomy emerges as a consequence of the new identity they assume as a patient based on their interaction with practitioners, family, and society in general (Arrieta and Casado, 2014). This can be seen very clearly in the case of the other interactive autonomy, narrative autonomy. Human disease can no longer be seen as an isolated and “objective” fact, far removed from the “story” of the individual who suffers it (Arrieta, 2012). Elsewhere, I have argued (Arrieta, 2016) that the prevailing concept of autonomy both in medicine and in clinical ethics is more closely linked to the professional vision (disease), than to the social vision (sickness) or the personal vision (illness). An essential feature of modern western medicine is that it has prioritized the vision of the patient as an object rather than a subject. Seduced by a scientific ethos, modern medicine has tended to address the disease rather than the patient. To be fair, evidence-based medicine has obtained good results, but many specialists believe it has also led to a decline in the quality of care and the human quality that should characterize the art of curing. Instead, they advocate “patient-centered medicine,” which addresses in equal measure the emotional, psychological, and social aspects of the affliction of individuals requesting attention. In addition to the objectifying and third-person account that is characteristic of natural science, we need to bring in the subjective first-person account of the individual who experiences and feels the illness. When a disease is more or less chronic, no curative action of any quality can be provided without an understanding of what the disease is doing to patients’ self-esteem and the content or narrative focus of their lives.

We are, to a very large extent, the stories of our lives. The way in which the disease affects us depends on the way in which the sickness alters our stories (Brody, 2003, p. 269). Moreover, for many people, the pain, suffering, or incapacity resulting from different adverse situations (a serious disease or accident, bereavement, etc.) generate additional suffering because they burst in upon them dramatically and unexpectedly, because they entail a clear disruption of their present situation, and because they mark a “before and after” in their lives. In similar situations, we find ourselves intellectually and practically disconcerted because, for some time at least, we do not know where to place these events in our life story. Over recent decades, many philosophers have argued that identity and human life are constituted narratively (MacIntyre, 1981/2007; Schechtman, 1996, 2012; Ricoeur, 1997, 2008; Gracia, 2004). The profound importance of narratives lies in the fact that they configure us in moral and identitary terms, for the fundamental reason that life has a narrative structure. People constitute their identity through the development of autobiographical narratives, explaining the circumstances that happen to them in their lives through accounts or stories that make sense of them. Unlike other living beings, narrative in humans is an organizing principle of our lives and the lens through which we filter our experience and plan for actions (Schechtman, 1996, p. 113). Individuals constitute themselves as people by thinking of themselves as persistent subjects who have had experiences in the past and will continue to have experiences in the future. The unit of identity is a narrative, the “storyline” we attribute to our lives: we constitute ourselves as people through an understanding of our lives as narratives in the form of a person’s life story. This need to forge our own story, to “tell ourselves,” is especially visible in the field of healthcare and human disease; it is never an isolated event that can be separated from the context of the life and story of the individual and community who suffer it (Gracia, 1991/2007).

Disease (and the pain and/or suffering that accompany it) is the effective cause that triggers the beginning of a care relationship. The disease disrupts the agent’s relationship with their own body; it alters individuality and therefore our understanding of and the relevance we attach to autonomy. Pain and suffering are in themselves a source of reduced capacity for self-government. When we get sick, we cannot function normally as individuals because our capacity to be a “self” is endangered. For affected individuals, entering a state of illness involves a series of transformations in their bodies, their subjectivity, and their physical, social, and cultural worlds (Carel, 2008). Human existence is embodied and defined by perceptual experience and thus, any alteration in the body and in people’s physical, perceptual, or behavioral possibilities entails a transformation in their identity and their capacity for self-government (Meyers, 2005).

The physical, psychological, and social effects of psoriasis can represent a major setback to the mood and quality of life of not only patients themselves but also their next of kin. In diseases of this type, it is not unusual to find a mismatch between how patients see themselves and how others see them. Trying to correct that distortion means emphasizing aspects of the patient’s narrative autonomy. For some of those affected (especially in mild cases of the disease, when it does not notably disrupt their everyday activity and way of life), it is little more than an annoyance, another symptom of their imperfect reality. Many others, however, are greatly affected by the cultural norms surrounding image. They suffer greatly from having a “visible” skin disease which has traditionally had a very bad press (in former times it was erroneously associated with leprosy) and which weakens, frustrates, embarrasses, alienates, and stigmatizes them, in many cases making psychological treatment necessary. It is estimated that at least 100 million individuals are affected worldwide, and this condition is becoming more common, since an apparent upward trend is observed in several countries (World Health Organization, 2016). Psoriasis is one of the most frequent reasons for dermatological consultation and one of the chronic diseases with the lowest rate of adherence to treatment. While there are many reasons for this phenomenon, assessing the executive capacity of each patient and acting accordingly might help increase adherence to treatment, resulting in an improvement in the living conditions of people with the condition.
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Motility occupies a decisive role in an organism’s ability to autonomously interact with its environment. However, collective biological organizations exhibit individual parts, which have temporally or definitively lost their motor capacities, but still able to autonomously interact with their host. Indeed, although the flagella of bacterial symbionts of eukaryotic cells are usually inhibited or lost, they autonomously modify the environment provided by their host. Furthermore, the eukaryotic organelles of endosymbiotic origin (i.e., mitochondria and plastids) are no longer able to move autonomously; nonetheless, they make a cytoskeletal-driven motion that allows them to communicate with other eukaryotic cells and to perform a considerable number of physiological functions. The purpose of this article is twofold: first, to investigate how changes in the motile capacities of the parts of a nested biological organization affect their interactive autonomy; second, to examine how the modification of the interactive autonomy of the individual parts influences the constitutive autonomy of the collective association as a whole. The article argues that the emergence and maintenance of collective biological identities involves a strict control of the motile abilities of their constituting members. This entails a restriction, but not necessarily a complete loss, of the agential capacities of the individual parts.
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INTRODUCTION

By collective (or nested) biological organizations, we mean biological entities consisting of different parts, each having their own genetic and phenotypic identity. Symbiotic associations and ecosystems are pre-eminently examples of nested organizations, as the biological members of these associations exhibit distinct genomes and specific phenotypic features. The eukaryotic cell is now a unique functionally integrated individual, but its evolutionary origin dates to two (so far proven) endosymbiotic events: the endosymbiosis between an α-proteobacterium and the proto-eukaryotic cell is at the origin of mitochondria, whereas the endosymbiosis between a cyanobacterium and the proto-eukaryotic cell gave rise to plastids. Accordingly, eukaryogenesis is currently explained as a progressive transformation of a nested biological organization into a functionally integrated individual that still saves some traces of its symbiotic past (Martin et al., 2015).

The interaction among the members of a collective association is complex and includes a variety of processes ranging from metabolic fluxes to chemical signals involved in coordinated gene expression. An important, yet neglected, aspect of nested associations is the motility of their parts, because the motile capacities of components are severely constrained by the whole association. Since a living being can reach its nutrients in the environment and interact with its surroundings by means of motile capacities, the way in which motility is controlled and constrained affects the biological capacities not only of the parts but also of the collective association as a whole.

This article aims at exploring how the constraints imposed on the motility of the individual parts (i.e., symbionts and organelles) of an eukaryotic cell affect their autonomous interactive capacities and at evaluating how this affects the constitutive autonomy of the overall collective association. Accordingly, the key question of this article can be stated as follows: how can a collective identity emerge from the control and transformation of the motility of the individual parts?

In order to address this issue, we will analyze how the motility of the symbionts of the eukaryotic cell is controlled by the host so as to1 enable the self-maintenance of the whole symbiotic association. The control of motility occupies a decisive role not only in ongoing symbiotic associations but also in the transformation of endosymbiotic proto-mitochondria and proto-plastids into eukaryotic organelles: indeed, the eukaryotic cytoskeleton tightly controls the movement of eukaryotic organelles in such a way that physiological functions and homeostatic regulatory mechanisms can be performed. Accordingly, from an evolutionary point of view, the eukaryotic cytoskeleton has introduced biological novelties that permitted a proto-eukaryotic cell and its endosymbionts to achieve a functionally integrated individuality.

In the light of the above, the main issue of this article will be explored by addressing the following theoretical questions:

1. How is the motility of symbionts controlled by the host so as to enable the self-maintenance of the overall symbiotic association?

2. How is the motility of eukaryotic organelles controlled by cytoskeleton?

3. What is the role played by the eukaryotic cytoskeleton in controlling the interactive capacities of endosymbionts and organelles and how does it affect the biological identity of the eukaryotic cell?

The analysis of these three questions sheds light on the organizational role played by motility in symbiotic associations as well as in individuals (i.e., the eukaryotic cell) based on the integration of closely related units (i.e., eukaryotic organelles). Furthermore, the different interactive behaviors of symbionts and organelles will shed light on their different organizational roles within the eukaryotic cell and explain why they are differently controlled.

The article is divided as follows: in section “Interactions as the Cornerstone of Symbiotic Associations and Autonomous Organisms”, we present a critical review of the current debate on the individuality of symbiotic associations and some theoretical accounts of the relationship between “interactive” and “constitutive” autonomy. The following two sections will examine the physical constraints acting on the motility of eukaryotic symbionts (section “The Control of Symbiotic Motility”) and eukaryotic organelles (section “Mobility of Eukaryotic Organelles”). Section “Interactive Dynamics and the Organizational Role of the Eukaryotic Cytoskeleton” will explore the role played by the eukaryotic cytoskeleton in the control of motility and the evolutionary innovations that it has introduced. Finally, section “Concluding Remarks: The Relationship Between Motility and Biological Autonomy” makes some concluding remarks concerning the relationship between motility and biological autonomy.



INTERACTIONS AS THE CORNERSTONE OF SYMBIOTIC ASSOCIATIONS AND AUTONOMOUS ORGANISMS

Over the past years, an increasing number of studies have stressed the cardinal importance of symbiotic interactions for defining a biological individual. The eukaryotic cell, notably in multicellular organizations, forms a nested ecosystem with their bacterial symbionts in such a way that they form a unique collective identity based on their mutual interactions (McFall-Ngai et al., 2013). Although the term “holobiont” currently designates the relationship between a multicellular eukaryote with its bacterial symbionts, Margulis (1993) employed this term to refer to a general symbiotic association between a symbiont and a host. The variety of symbiotic associations is extremely wide, since they range from prokaryote-prokaryote interactions [e.g., the Candidatus Tremblaya princeps-Candidatus Moranella endobia consortium of Planococcus citri (McCutcheon and von Dohlen, 2011) or the bacterial communities of biofilms (Saxena et al., 2019)], protist-prokaryote relationships [e.g., the Paulinella chromatophora-cyanobacteria couple (Bodył et al., 2007)], protist-multicellular eukaryotes relationships [e.g., Giardia lamblia and the gut of many mammals (Adam, 2001)], to prokaryotes-multicellular eukaryotes associations [e.g., the bacteria living within human gut (Thursby and Juge, 2017)]. On the basis of the location of the symbiont with respect to the host, we separate ectosymbionts (or epibionts) from endosymbionts (Moya et al., 2008): the former live on the surface of their host, whereas the latter within them.

All the aforementioned symbiotic associations are able to self-maintain by means of a number of constitutive interactions among symbiotic partners: metabolic, genetic, developmental, and immunological interactions (Moya et al., 2008; Gilbert et al., 2012). Metabolic relationships occur when symbiotic partners interchange a number of metabolites, nutrients, and enzymes in such a way that the host provides the symbiont with the nutrients, and in turn, the symbiont supplies the host with the necessary enzymes for assimilating these nutrients or for synthesizing metabolic components (Moya et al., 2008). Genetic interactions consist of the interchange of genetic material among symbiotic partners; this phenomenon, also called as “horizontal gene transfer” (HGT), favors genetic variability, and it is an important source of phenotypic complexity (Ochman and Moran, 2001; Moran, 2007). The development of many invertebrates and vertebrates is partly dependent on their symbionts, because symbionts may provide larvae or embryos of the host with nutrients in such a way that “development then becomes a matter of interspecies communication” (Gilbert et al., 2012, p. 328). Finally, the immune system of the host provides its symbionts with niches, where they can grow and in turn, symbionts enhance the pathogen immunity of their host (Chiu and Gilbert, 2015; Gilbert and Tauber, 2016).

The capacity of self-maintenance of nested biological organizations needs to be studied in close connection with their ability to interact with the surroundings. Studies on prokaryotic endosymbionts of insects have suggested that these prokaryotes exhibit a highly reduced number of genes for cell motility (Moya et al., 2008; Degnan et al., 2010; Manzano-Marín et al., 2012). This suggests that endosymbiosis and maybe also ectosymbiosis impose some constraints on the motility of the individual parts in such a way that the motility of the symbiont(s) is modified and sometimes restricted. One of the reasons why symbiotic associations (particularly endosymbionts) exhibit different environmental conditions compared to the free-living lifestyle is that the micro-environment provided by the host generates a niche with different conditions of life compared to free-living organisms (Moya et al., 2008).

From a philosophical point of view, it has been emphasized that the autonomy of a biological organization relies on two main dimensions: the constitutive aspect and the interactive dimension. The former includes all those aspects (e.g., metabolism, regulatory processes, immunology, development, etc.) that contribute to the self-maintenance of an individual. The latter entails the capacities (e.g., perception, motility, and action) that allow an organism to interact with the environment and to change it according to its own internal norms (Moreno and Mossio, 2015; Mossio and Bich, 2017).

The constitutive and the interactive dimension are mutually dependent, giving rise to an “organizational closure” in such a way that the environment constrains the internal processes of an agent, and an agent exerts some constraints on its own boundary conditions (Moreno and Mossio, 2015, chap. 4). Indeed, a living being could not undergo metabolic processes, if it had not access to the nutrients that are present in the environment. Therefore, minimal forms of agency are required to allow an organism to reach its nutrients, prey, or escape from its predator. In this respect, we can state that the constitutive dimension requires the interactive one. Nonetheless, the opposite holds true as well: the interactive capacities need not only the energy (in the form of ATP molecules) supplied by metabolic processes but also regulatory mechanisms that adapt agential capacities to the features of the environment. Accordingly, the interactive dimension entails the constitutive one and it could not exist without it.

The concept of “agency,” which plays a major role both in life and cognitive sciences, summarizes the main aspects of the autonomous interactive dimension. Indeed, an individual is an agent if it exhibits a clear distinction between the interior (e.g., the cellular environment) and the exterior (e.g., the surroundings) (individuality criterion); if it is the source of activity (interactional asymmetry criterion); and if it acts according to its own norms or goals (normativity criterion) (Barandiaran et al., 2009). An agent must be able to modulate and control its behavior in accordance with environmental circumstances, which, in turn, is possible only if a system “is able to evaluate sequentially temporal situations and determine which possibility is functional at each moment in time. […] Thus, an agent has the ability not just to avoid negative tendencies, but to actively seek to improve its situation” (Moreno, 2018, p. 293). In this sense, agency is a kind of adaptive behavior that can be fulfilled by two different types of mechanisms: either by modifying the constitutive organization of the system (i.e., metabolism or development) or by modifying the external conditions of the system (i.e., modification of the environmental conditions of the system). Moreno (2018) proposes a simple but valuable model for explaining an autonomous minimal agent: a system is a minimal agent if it has a regulatory subsystem that modulates all those inputs that produce functional modifications of the environmental conditions. The regulatory subsystem consists of a self-production network (i.e., a metabolic system) and a dynamically decoupled regulatory subsystem exerting control actions (Moreno, 2018, p. 295). Within this theoretical framework, agency is a cyclical process that requires that “the effector processes be modulated in accordance with the detected environmental conditions” (Moreno, 2018, p. 296).

A very important aspect of agency is motility, which is “an agent’s capacity to move under its own power, so that it is able to perform fast (relative to its size) directional movements aimed at changing its environment in search of more favorable conditions” (Moreno and Mossio, 2015, p. 102). Motion favors a specific position of the agent with respect to its surroundings in such a way that “motility-based interaction (i.e., behavior) embeds the agent in an active sensorimotor coupling with the environment” (Arnellos and Moreno, 2015, p. 334). It has been claimed that all agents (from the simplest prokaryotes to the most complex multicellular eukaryotes) exhibit a coupling between sensory inputs (e.g., environmental cues, attractants, or repellents) and motor capacities in such a way that perception and action are inextricably connected (Moreno and Etxeberria, 2005; Moreno and Mossio, 2015; Di Paolo et al., 2017)2. Agential behavior is strongly influenced by environmental stimuli and also by size-time limitations3 (Moreno and Etxeberria, 2005; Moreno and Mossio, 2015).

To conclude, the concept of “agency” has been studied in free-living organisms in close connection with their sensorimotor abilities. Nevertheless, symbiotic associations pose different constraints on the motility of their individual members in such a way that the organizational conditions for agency in nested biological associations are distinct from those of free-living organisms. This fundamental aspect of symbiotic interactions will be addressed in the following section.



THE CONTROL OF SYMBIOTIC MOTILITY

The interactive dimension of prokaryotes relies on the very efficient motile systems that provide them not only with the essential means of locomotion but also with an important material constraint on metabolism. Indeed, the supply of nutrients is made possible by a specific system that links the picking up of environmental signals of nutrients with locomotion. The locomotion of prokaryotes is performed by three kinds of systems: flagella, type IV pili, and cytoskeletal- and cell surface-based movements (Jarrell and McBride, 2009). Bacterial symbionts of unicellular and multicellular eukaryotes are broadly characterized by the modification of their motility systems, and more globally, interactive capacities. In this section, we examine the role played by motility in the establishment of symbiotic relationships; notably, we focus on three distinct symbiotic processes: biofilms4, endosymbionts, and ectosymbionts.

Biofilms are symbiotic communities of single- or multi-species bacteria that arise when they attach to an abiotic or biotic surface, by means of adhesins, leading to a monolayer or multilayer biofilms (Karatan and Watnik, 2009). The biofilm life cycle is characterized by important changes in the motility of its bacterial components. At the beginning, the attachment of bacteria to a surface is strongly favored by flagella-mediated motility, because flagella may facilitate the bacterial attachment to surfaces by overcoming repulsive forces at the surface-medium interface. Flagella may also promote the bacterial movement of growing cells along an abiotic surface in such a way that the spread of a biofilm is encouraged (Pratt and Kolter, 1998). The attachment to a surface is also promoted by type IV pili, because they contain a specific adhesin (the mannose-specific adhesin, FimH) that allows a stable cell-to-surface attachment (O’Toole and Kolter, 1998; Pratt and Kolter, 1998).

When the bacterial population increases and overcomes a threshold, the motility of individual bacteria is inhibited in order to promote the constitution of the extracellular polymeric substance (EPS) matrix5. The reduction of motility is achieved by means of post-translational modifications6, transcriptional regulation7, and quorum sensing (QS) system8 (Guttenplan and Kearns, 2013). During the existence of the EPS matrix, the motility of single bacteria is impeded. However, the EPS matrix is an ephemeral structure that disassembles in response to environmental substances concentration or bacterial lysis. The re-activation of the genes responsible for bacterial motility is a crucial aspect of the disassembly of the EPS matrix, and therefore, the destruction of a biofilm and the re-appearance of the planktonic state. Recent studies have shown that the dispersion of a biofilm can be promoted by the synthesis of bacterial flagella (as in E. coli) or by the production of mushroom-like pillars of bacteria (as in P. aeruginosa) (Karatan and Watnik, 2009).

It is worth stressing that in biofilms, the inhibition of bacterial motility is not performed by the host (i.e., the abiotic or biotic surface), but it is rather the outcome of the signals triggered by the EPS matrix. Biofilm is an interesting case of how the collective control of the motility of parts allows the emergence of nested biological organization. However, let us focus now on two kinds of symbiotic associations – endosymbiosis and ectosymbiosis – in which the motility of the symbiont is controlled by the host.

The inhibition of motility is common in bacterial endosymbionts and it is due either to the loss of the genes for cell motility or to the recruitment of ancient motile genes to new functions. The loss of genes is a common aspect of intracellular bacteria and parasites (Moran and Wernegreen, 2000; Gil et al., 2004), since the stable environment provided by the host, and sometimes, the existence of secondary endosymbionts make redundant some genes (Pérez-Brocal et al., 2006). In endosymbionts, the loss of genes includes both those related to metabolic processes and those associated with the synthesis of the proteins of flagellar apparatus. As a result, their motility is completely lost. A representative example is provided by Erwinia dacicola (a prokaryotic symbiont of the Olive Fly Bactrocera oleae), which has a reduced number of genes for the amino acid and carbohydrate transport and metabolism, and a nearly complete loss of genes for cell motility compared to its free-living state (Estes, 2018).

Some endosymbionts, like Buchnera aphidicola (an endosymbiotic bacterium of pea aphids), keep their motile genes, but they cannot move, because the proteins expressed by their flagellar genes are supposed to be employed for protein transport functions, and not for motile functions (Maezawa et al., 2006). Flagellar genes are therefore used for a different purpose (likely protein transport), even though a potential pathogenic role cannot be excluded (Moya et al., 2008). As Toft and Fares (2008) pointed out, the endosymbiotic bacteria of insects usually lose their flagellar genes and they retain only the proteins of flagellum involved in protein export, whereas those involved in the synthesis of the hook and filament of flagella have generally been lost. Therefore, since the presence of flagella is unnecessary and energetically expensive, it has been suggested that the re-functionalization of the flagellar genes of endosymbionts (like in B. aphidicola) is the outcome of the adaptation of the symbiont to the intracellular niche of the host (Toft and Fares, 2008).

It has been shown that spirochaetes9 live on the surface – as ectosymbionts – of many protists (within the hindgut of termites) without performing locomotion (Iida et al., 2000; König et al., 2005). In spite of having flagella, spirochaetes cannot use them to move. However, the unique (so far known) example of bacterial ectosymbionts performing locomotion is represented by the spirochaetes living on Mixotricha paradoxa (a protist of the order of Trichomonadida) (Wenzel et al., 2003; König et al., 2005). M. paradoxa contains both endosymbionts (rod-like bacteria) and ectosymbionts (spirochaetes). Although M. paradoxa possesses four flagella10, its movement is performed by its spirochaetes. It has been proven that the loss of ectosymbionts or their inhibition by means of starvation or antibiotic treatment makes M. paradoxa unable to move (Radek and Nitsch, 2007). It is worth noting that many termite flagellates have been reported to have ectosymbionts with spirochaetes, but only M. paradoxa has spirochaetes that perform a coordinated movement in such a way that M. paradoxa can displace (Cleveland and Cleveland, 1966). The association of M. paradoxa and its ectosymbionts seems to be obligate not only for the movement but also for the performance of other vital functions of the symbiotic inter-identity (Radek and Nitsch, 2007). By contrast, the endosymbionts of M. paradoxa, as most of endosymbionts, cannot perform movement and are thought to perform a mitochondrion-like role.

The three symbiotic processes that we have so far examined reveal some important differences between them. In particular, biofilms use the motility of single bacteria for the primary attaching phase; then, when the EPS matrix begins to develop, the genes for motility are inhibited. During the breakdown of the EPS matrix, the genes for motility are re-activated and they allow single bacteria to get into the planktonic state. Endosymbiosis usually promotes the inhibition of symbiont motility especially through the loss or re-functionalization of genes for motility. Finally, ectosymbionts exhibit flagella that cannot move, except for the ectosymbiotic spirochaetes of M. paradoxa.

In general, in each of these three cases, the control of the motile interaction is a way to contribute to the self-maintenance of the overall symbiotic association. Indeed, the inhibition of motility of the bacteria of a biofilm keeps them in a stable position so as to favor the formation and the maintenance of the EPS matrix which in turn allows bacteria to interchange nutrients, metabolites, and to increase their immune response to pathogens and antibiotics. Likewise, the control of motility of endosymbionts and ectosymbionts indirectly affects the self-maintenance of the overall symbiotic association, because the loss of motile genes allows symbionts to spare ATP molecules that can be employed for performing physiological (notably metabolic) processes that are crucial for the whole association. Furthermore, the re-functionalization of motile genes allows symbionts to perform important mechanisms (e.g., protein transport) that improve the metabolic relationships between the symbiont and the host. Finally, the spirochaetes of M. paradoxa make a direct contribution to the motility of the overall symbiotic association and as such enable it to reach its nutrients and to autonomously interact with its surroundings.

A particular theoretical interest is aroused by endosymbionts, as this form of symbiosis is considered as the root of eukaryogenesis, notably of mitochondria and plastids (Margulis, 1967). We may therefore suppose that the inhibition of motility, which plays a cardinal role in endosymbionts, should be also an important feature for understanding the transition from the endosymbiotic to the organelle form of mitochondria and plastids.



MOBILITY OF EUKARYOTIC ORGANELLES

Both mitochondria and plastids exhibit extremely reduced genomes and can synthesize few proteins involved in the electron transport chain and F0F1ATPase (mitochondria) or in the photosynthetic apparatus and in the transcription/translation apparatus (plastids). Thus, they lack almost all the genes (of prokaryotic origin) for the most fundamental cellular physiological functions, including those for flagella. Although neither mitochondria nor plastids can spontaneously move, they are instead moved by the eukaryotic cytoskeleton. Since the motility of mitochondria and plastids is hetero-driven by cytoskeletal filaments and not self-driven by the organelle itself, they exhibit mobility and not motility. By the former we mean the movement of an entity performed by another entity; whereas the latter is the motion performed by the entity itself.

Mitochondria and plastids are moved by two main cytoskeletal filaments: microtubules and microfilaments11. The former are composed of polymers of tubulin that are responsible not only for cell motility, but also for several cellular functions, such as the transport of chromosomes during cell division, the maintenance of cell shape, the transport of intracellular materials, and the movement of cell membrane components. The latter are filaments of actin that control cell motility and cell separation (cytokinesis). Microfilaments can generate movement in two ways: by a sliding movement of actin and myosin filaments against each other or assembling and disassembling the microfilament bundles. In the former case, when myosin heads bind ATP molecules, they have a high affinity for actin and this drives the bond between actin and myosin. The hydrolysis of ATP allows myosin heads to slightly rotate and to become disengaged from myosin12. In the latter case, actin filaments polymerize and depolymerize so as to produce motion.

Mitochondria use cytoskeletal proteins as tracks for their directional (anterograde or retrograde) movement by means of a coordinated action between microtubules and microfilaments (Anesti and Scorrano, 2006). Both microtubules and microfilaments are important for mitochondrial movement and contribute to mitochondrial displacement in a different way. A protein (the mitochondria-microtubule binder protein, mmb1p) seems to be responsible for the bond between mitochondria and microtubules (Fu et al., 2011), giving rise to a functional interdependence between them. Indeed, on the one hand, mitochondria reduce microtubule shrinkage rate and contribute to the stabilization of microtubules; on the other, they are controlled by microtubules, because microtubules are scaffolds to maintain the position of mitochondria (Pon, 2011). Furthermore, the bond between mitochondria and actin cables, mediated by the mitochore complex, drives mitochondrial movement both in an anterograde and a retrograde direction. The anterograde movement of mitochondria is driven by the Arp2/3 complex13 that stimulates actin polymerization for the generation of anterograde force (Boldogh and Pon, 2006; Wu et al., 2013). Finally, intermediate filaments maintain cell shape by bearing tension, whereas microtubules resist compression (Wu et al., 2013). The movement of mitochondria along actin and tubulin is made possible by molecular motors (myosin binds to actin, whereas dynein and kinesin bind to tubulin), which are proteins powered by ATP hydrolysis and consisting of three main parts: the head domain binding the cytoskeletal filament, the neck domain acting as a lever arm for transducing chemical energy into mechanical energy, and the tail domain binding the cargo. Molecular motors bind organelles at the tail domain and cytoskeletal filaments at the head domain in such a way as to act as a “cart” for the movement of organelles.

The movement of chloroplasts is mainly due to actin filaments which are localized at the interface between the chloroplast and the plasma membrane. In particular, motor proteins and the polymerization of actin filaments are the main actors of chloroplast movement. The motor proteins responsible for plastid movement are different from those involved in mitochondrial movement (i.e., myosin, dynein, and kinesin) and are based on the actomyosin system (Shimmen and Yokota, 2004). Actin polymerization is induced by environmental stimuli (e.g., changes in light intensity or mechanical touch) and controlled by a number of mechanisms not yet clearly understood. It is believed that the protein CHUP114 may play a major role, because it binds to profilin which supports actin assembly (Wada and Kong, 2018). The polymerization of chloroplast-actin filaments is considered the most likely candidate mechanism to generate the force required for chloroplast movement (Wada and Kong, 2018). Microtubules of plant cells are thought to contribute to chloroplast movement inasmuch as they support the functioning of actin filaments (Brandizzi and Wasteneys, 2013).

Both mitochondrial and plastid movement make a substantial contribution to the physiology of the eukaryotic cell, insofar as mitochondria and plastids can be more spatially close to the other eukaryotic organelles and hence favor intercellular communication.

Cytoskeletal-driven movement is intimately connected with the so-called “mitochondrial dynamics” consisting of cycles of fusion and division, as the disassembly of microtubules eliminates mitochondrial motility and, as a result, makes possible fusion and fission events (Bartolák-Suki et al., 2017). Fusion and fission events involve changes both in mitochondrial shape and in mitochondrial membranes, inasmuch as fusion entails the merger of mitochondrial membranes, whereas fission needs the formation of a septum within the membrane, leading to daughter mitochondria. Fusion and fission play a pivotal role in several eukaryotic cellular processes, insofar as they are involved in the maintenance of calcium homeostasis (through the connection with endoplasmic reticulum), cell development and cellular division. Furthermore, mitochondrial dynamics are involved in cell survival processes, including autophagy, apoptosis, and necroptosis (Xie et al., 2018). The mobility of mitochondria involves not only their fusion and fission but also their capacity to interact with other eukaryotic organelles via signaling pathways in such a way as to regulate many cellular functions. More particularly, mitochondria interact with endoplasmic reticulum, peroxisomes, lysosomes and Golgi apparatus15.


In plants, the movement of chloroplasts is important for plant growth and development. Depending on light intensity, plastids can distribute differently in the plant cells (randomly in bundle sheath cells, centripetally in the vascular tissue, and centrifugally around the periphery of the bundle sheath cells) so as to favor the exchange of metabolites. Both cytoplasmic ATP levels and CO2 diffusion are important physiological factors affecting chloroplast movement and positioning (Takagi et al., 2009). Moreover, the spatial proximity of plastids to the plasma membrane permits the maximization of the transport of CO2 from the intercellular airspace to the site of CO2 fixation (the chloroplast stroma), and therefore, makes photosynthesis more efficient (Takagi et al., 2009).

In spite of playing a different role in the control of the movement of chloroplasts and mitochondria, both actin filaments and microtubules make a significant contribution to the positioning of the organelles within the eukaryotic cell in such a way that intracellular communication and other important physiological cellular functions can be performed. The controlled motion of organelles occupies a crucial organizational role that, on the one hand, makes a dramatic difference with symbiotic association, and, on the other, suggests the critical importance of the cytoskeleton in the transition from prokaryotic to eukaryotic cell.



INTERACTIVE DYNAMICS AND THE ORGANIZATIONAL ROLE OF THE EUKARYOTIC CYTOSKELETON

The previous two sections have examined the motility of symbionts and organelles, focusing on their different functional contributions to the eukaryotic cell. In both cases the control of the motility of the parts is aimed at satisfying physiological requirements of the eukaryotic cell. However, ongoing endosymbionts and organelles of endosymbiotic origin exhibit a different control of motile capacities which can be understood partly by exploring the evolutionary innovations introduced by the eukaryotic cytoskeleton (compared to the prokaryotic one), partly by analyzing the different roles played by endosymbionts and organelles within the eukaryotic cell.

Despite the discovery of bacterial homologs of actin (Bork et al., 1992), tubulin (de Boer et al., 1992; RayChaudhuri and Park, 1992; Mukherjee et al., 1993) and intermediate filaments (Margolin, 2004)16, the eukaryotic cytoskeleton performs new functions, not present in the prokaryotic cell, that allow eukaryotes to move organelles or bacterial pathogens within themselves. Compared to the prokaryotic cytoskeleton, which is involved in the production of cell wall, the maintenance of cell shape and the support for cell division, the eukaryotic one performs several different functions, including intracellular transport of organelles and intracellular signaling. Intracellular transport is unique to the eukaryotic cell17, because organelles are enclosed in membranes requiring vesicles for transporting intracellular cargos (Bonifacino and Glick, 2004). Intracellular transport is performed by molecular machines that transport cargoes along actin filaments (myosin) or microtubules (dynein and kinesin) by exploiting ATP hydrolysis (Dawson and Paredez, 2013; Jékely, 2014). The force18 generated by the eukaryotic cytoskeleton permits a new kind of spatial organization within the eukaryotic cell that cannot be found in the prokaryotic one.

The remodeling of filamentous actin plays a pivotal role both in cell motility (Diez et al., 2005) and is triggered by a variety of cellular signals, including PIP2
19, Ca2+, and small GTPases (Takenawa and Itoh, 2001). The stimulation of purinergic receptors, due to the rise of Ca2+, allows actin filaments to accumulate around intracellular organelles in such a way as to slow down their movement through the cytoplasm. The major nucleators of actin polymerization are the Arp2/3 complex and the members of the formin family, which give rise to different actin structures: the Arp 2/3 complex produces branched filaments, whereas formin straight and bundled filaments (Diez et al., 2005).

Since both the endosymbionts (of protists and insects) and organelles are embedded in eukaryotic cells having a eukaryotic cytoskeleton, both should be moved and displaced by molecular motors along actin filaments and microtubules. Nevertheless, the fact that only organelles, and not also endosymbionts, have a cytoskeleton-driven movement is closely connected with the different functional role that organelles and endosymbionts play within the eukaryotic cell.

The movement of organelles permits intracellular communication via vesicle-mediated pathways20: the interchange of molecules (e.g., ions, proteins, lipids, etc.) among mitochondria (and plastids), endoplasmic reticulum, Golgi apparatus, lysosomes, and nucleus would not occur if these organelles were not be spatially close (Perico and Sparkes, 2018). In turn, the delivery and the coordinated transfer of molecules enable organelles to perform important physiological tasks that collectively contribute to the self-maintenance of the eukaryotic cell. For example, the spatial proximity between endoplasmic reticulum and Golgi apparatus allows the movement of proteins between them as well as the closeness between mitochondria and other organelles favors the interchange of reducing equivalents and ATP molecules. Since organelle movement plays such a crucial role, the eukaryotic cell modulates the distribution of the organelles with spatiotemporal accuracy by means of changes in network and motor properties (e.g., polarization, signaling, motor mobility, etc.) (Ando et al., 2015; van Bergeijk et al., 2015).

Unlike organelles, endosymbionts do not perform regulatory and homeostatic mechanisms for the host. Accordingly, they require neither displacement nor a fine-tuned dynamic spatiotemporal control from the eukaryotic cell. Indeed, endosymbionts usually provide the host with enzymes necessary for performing catabolic or anabolic pathways (e.g., the enzymes for amino acid anabolism of sap-feeding insects), which are absent or incomplete in the host. The enzymes synthesized by endosymbionts are targeted to the plasma membrane of the host through co-translation or post-translation pathway without the need for spatial proximity to the membrane contact sites of eukaryotic organelles. For these reasons, the host does not need to consume energy to displace endosymbionts and they can be kept in an extremely stable position during the symbiotic association. It is worthy of note that the eukaryotic cytoskeleton can be also employed by bacterial pathogens for performing invasion strategies (Haglund and Welch, 2011; Gouin et al., 2015) by exploiting actin polymerization. Therefore, the fact that (bacterial) endosymbionts are not moved by the cytoskeleton is likely not due to a cytoskeletal limitation, but rather to the uselessness of this displacement within the eukaryotic context.

The eukaryotic cytoskeleton is a fundamental step not only in the transition from prokaryotic to eukaryotic cell but also in the evolution of mitochondria and plastids from long-term stable endosymbionts to organelles. The eukaryotic cytoskeleton has given rise to an extremely dynamic and interconnected network within the eukaryotic cell that has led to complex forms of communication and a fine-tuned spatiotemporal localization of eukaryotic organelles in such a way that the degree of cohesion and mutual dependence among the parts considerably increased. This was a very important innovation during eukaryogenesis because it opened up a more sophisticated form of intracellular communication (vesicular transport instead of simple diffusion) and an effective control over the positioning of organelles. These important biological novelties have made an important contribution to the overall functional integration of the eukaryotic cell.

Special attention should be paid to the major contribution made by the eukaryotic cytoskeleton to the transition from endosymbiotic proto-mitochondria and proto-plastids to organelles. Both mitochondria and plastids have an endosymbiotic origin (α-proteobacteria were likely the ancestors of mitochondria, whereas cyanobacteria of plastids) and they transformed into organelles over millions of years (Martin et al., 2015). It has been stressed that the main events that allowed endosymbionts to become organelles were the massive transfer of genes to the eukaryotic nucleus (endosymbiotic gene transfer) and the appearance of protein import machineries in the membranes of proto-mitochondria and proto-plastids (Theissen and Martin, 2006). We hypothesize that at some point in eukaryogenesis the eukaryotic cytoskeleton must have played a pivotal role in the transformation of proto-mitochondria and proto-plastids into organelles.

Indeed, given that mitochondria and plastids were endosymbionts, they lost most of their genes, including those for cell motility. It is therefore likely that in an initial phase of eukaryogenesis mitochondria and plastids were immobile or, at least, with a very reduced ability to move. Yet, since proto-mitochondria and proto-plastids were progressively performing regulatory and homeostatic mechanisms, it was necessary to provide some mechanisms for displacing and putting them close to other eukaryotic organelles in order to ensure intracellular communication. From this perspective, the eukaryotic cytoskeleton is no longer just a bunch of filaments for controlling cell shape, but an extremely dynamic structure that has allowed mitochondria, plastids, and the other eukaryotic organelles to achieve a high degree of functional integration.



CONCLUDING REMARKS: THE RELATIONSHIP BETWEEN MOTILITY AND BIOLOGICAL AUTONOMY

In the light of the theoretical results achieved in the previous sections, we shall explore in this concluding section how the control of the motility of the individual parts affects their interactive autonomy (i.e., agency) and the constitutive autonomy of the whole collective organization.

The inhibition of motility is a biological phenomenon that both symbionts (except for the ectosymbionts of M. paradoxa) and organelles have in common. Nevertheless, we have shown that the eukaryotic cytoskeleton provides organelles with a mobility which is completely controlled by the eukaryotic cell. In the light of the distinction between mobility and motility (see section “Mobility of Eukaryotic Organelles”), it is therefore clear that the notion of “motility” implies the concept of “agency,” inasmuch as the autonomous movement is a way to interact and functionally modify the surroundings. Since both symbionts and organelles have lost their motile capacities or, if they are present, they are driven by the eukaryotic cell, is it possible to consider (endo)symbionts and organelles genuine agents?

In order to address this question, let us consider what a minimal agent is and then evaluate whether or not symbionts and organelles satisfy the conditions for minimal agency. A definition of minimal agency has recently been provided by Moreno (2018), who has stressed that a minimal agent is a system detecting relevant features of the surroundings (e.g., nutrients) and triggering processes that can functionally modify the environmental conditions. The effector mechanisms must be controlled from within by means of a self-production network (i.e., metabolism) and a regulatory system that is dynamically decoupled from the self-production network (Moreno, 2018, p. 295).

The bacteria forming a biofilm and attaching to the biotic surface of a multicellular eukaryote are able to detect environmental signals and nutrients which are present in the surface and to perform effector mechanisms that modify their host. For example, bacteria constituting the biofilm of dental plaque can detect environmental signals such as pH or the nutrients (amino acids, proteins, glycoproteins) provided by saliva and gingival fluid and they release enzymes that produce infectious diseases (like caries or periodontitis) or inflammatory states (like gingivitis) in the host. The release of enzymes of biofilms is tightly controlled by the QS system of biofilms. Likewise, endosymbionts detect the nutrients released by their host in the host cytoplasm and they synthesize and release enzymes for metabolic pathways (e.g., the enzymes for amino acid synthesis). The production of enzymes is controlled by the genes of the endosymbiont, not by the host. Ectosymbionts (like the spirochaetes of M. paradoxa.) detect environmental signals that activate their flagella which in turn allow M. paradoxa to move. The regulation of the movement of spirochaetes is made by the symbiont and not by the host. In each of these three cases, even though motility can be inhibited or lost (in bacteria of biofilms or in endosymbionts), the symbionts still preserve their ability to autonomously interact with their host and the interactive processes are controlled from within and not by the host. For this reason, they can be considered as genuine agents, even if in nested hierarchical organizations of symbionts “many functions of the individuated parts are transferred to the higher collective level. These facts often lead to an ultra-simplification of certain agents (e.g., endosymbionts)” (Moreno, 2018, p. 306).

Organelles exhibit a pretty different organization. They perform a wide variety of functions that go far beyond metabolic contributions (like in endosymbionts) and that include regulatory and homeostatic mechanisms of the eukaryotic cell. As such, their effector mechanisms functionally change their surroundings (i.e., the eukaryotic cell) by controlling the eukaryotic cell as a whole. A clear example is provided by mitochondrial dynamics (fusion and fission) which collectively control pivotal events of the eukaryotic cell, such as apoptosis, autophagy, cell development, etc. Furthermore, the mobility of organelles, fulfilled by the cytoskeleton, allows them to efficiently communicate among each other in such a way as to perform pivotal physiological processes. Apparently, the organelles of endosymbiotic origin seem genuine agents within a “macro-agent” represented by the eukaryotic cell. However, since almost all of their genes have been transferred to the eukaryotic nucleus, the proteins controlling their functions are genetically expressed and controlled by the eukaryotic nucleus21. Accordingly, given that the regulation of their effector mechanisms is placed outside the organelle, and not within, they cannot be considered genuine agents. For example, the key proteins regulating mitochondrial fusion (Mtf1 and Mtf2, and OPA1) and fission (Drp1, Fis1, and DnmP1), in spite of being placed within the outer and inner mitochondrial membrane, are expressed and genetically controlled by the genes placed in the eukaryotic nucleus. The endosymbiotic gene transfer and the genetic control and expression made by the eukaryotic nucleus represent the dividing line between organelles of endosymbiotic origin and ongoing endosymbionts.

In line with the definition of “minimal agency” provided by Moreno (2018), we think that what defines a minimal agent is the ability of functionally modifying its surroundings by virtue of some effector mechanisms that are controlled from within. If we accept this characterization of minimal agents, symbionts can be considered agents, even though they do not exhibit the coupling between sensory inputs and motor outputs. Sensorimotor coupling is an important aspect of agency in prokaryotic and eukaryotic forms of life (Moreno and Etxeberria, 2005; Moreno and Mossio, 2015; Di Paolo et al., 2017); however, it fails to explain why symbionts can be considered agents and why mitochondria and plastids cannot. Moreover, it is worth emphasizing that the acknowledgement of symbionts as genuine agents allows a better characterization of the biological status of symbiotic associations. Indeed, the identity of a symbiotic association relies on the kind of interactions (metabolic, immunological, developmental, etc.) among symbiotic partners. The control of the motility of the symbiont plays a very important role in the emergence of a collective inter-identity, insofar as it weakens the interactive capacities of the symbionts –without completely undermining them- to the benefit of the constitutive processes (metabolism, regulatory mechanisms, development, etc.) of the symbiotic association as a whole.

Considering symbionts as real agents is extremely important not only for explaining the emergence of collective inter-identities, but also for clarifying the difference between endosymbionts and organelles of endosymbiotic origin. The ultimate outcome of the transition from the former to the latter was the loss of autonomy and, therefore, agential capacities. This can be mostly attributed to the transference of genes to the host and the subsequent control of their functions by the eukaryotic cell. The reason why mitochondria and plastids are not agents is based on the fact that they are genetically controlled by the eukaryotic nucleus. Certainly, they perform functions that change the eukaryotic cell and exhibit motor capacities driven by cytoskeleton, but the absence of an internal regulation of these processes do not make them agents. The interactive capacities of mitochondria and plastids can be likened to the footballers of a table football: they “kick” the little ball and they perform an action which modifies the position of the little ball; however, their movement is completely controlled by a human being who decides when and how a footballer moves so as to push the little ball toward the goal area of the opponent.

It is important to stress that, even though a biological system has lost its autonomous interactive capacities, this does not necessarily imply the complete loss of interactive capacities. The case of the organelles of endosymbiotic origin is extremely clear in this respect: organelles have lost their autonomy and their agential abilities because of a massive endosymbiotic gene transfer that has placed their genetic control in the eukaryotic nucleus. However, mitochondria and plastids communicate with the other eukaryotic organelles by means of vesicle-mediated pathways and thanks to cytoskeletal proteins. This communication is a kind of interaction that does not involve agential abilities, precisely because it is a functional modification of the environment without an internal control.

We have so far discussed the relationship between agency and interactive capacities in symbionts and organelles. We are now able to provide an answer to the key question of this paper: how is the motility of individual parts related to the constitutive dimension of a collective identity? The answer lies in the fact that the control of the motility of the part is aimed at maintaining the collective identity as a whole by constraining a flux of energy and matter and, as such, it keeps the nested organization far from thermodynamic equilibrium (Mossio and Moreno, 2010; Moreno and Mossio, 2015). Both the loss or inhibition of motility (in symbionts) and the cytoskeleton-driven mobility (in organelles) are ways to contribute to the self-maintenance of the nested organization, inasmuch as they are a fundamental support for the maintenance of other pivotal interactions (e.g., the metabolic fluxes between the part and the whole, the intracellular communication among organelles, etc.) which collectively sustain a nested organization as a whole.
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FOOTNOTES

1In this article, we explore the relationship between motility and self-maintenance by employing some expressions (“so as to,” “in order to,” etc.) that can suggest a teleological meaning. However, all these “teleological” expressions should be understood within the organizational framework for biological functions, according to which biological functions (including motile capacities and sensorimotor abilities) are aimed at self-maintaining a biological organization within a regime of organizational closure (see, for example, Moreno and Mossio, 2015, chap. 3; Mossio and Bich, 2017).

2A clear example of sensorimotor coupling is bacterial chemotaxis (e.g. in E. coli), since the detection of attractants or repellents in the environment triggers a signaling cascade that modifies the frequency and the direction of the motile system (i.e. flagella).

3As pointed out by Moreno and Etxeberria (2005) and Barandiaran and Moreno (2009), motility and behavioral agency are strongly affected by the size of the organism, because the increase in size makes more difficult not only the correlation between sensor and effector surfaces “because of the slow velocity of diffusion processes” (Moreno and Mossio, 2015, p. 103), but also the achievement of a bodily coordination for displacement.

4Although biofilms are a kind of symbiotic association that can live independently from an eukaryotic host (indeed, biofilms can attach to abiotic surfaces), they usually attach to biotic surfaces provided by a (multicellular) eukaryotic host. Accordingly, we think that biofilms can be considered as a specific kind of transient symbiont (i.e., a parasite) of eukaryotic cells and, therefore, it is useful to evaluate the constraints posed on the motility of the bacterial components by the extracellular polymeric matrix and how this affects the relationship with the eukaryotic host.

5The EPS matrix is a three-dimensional organization that keeps bacteria very close to one another so as to increase the cohesiveness and coordination of component bacteria, compared to their planktonic state. The EPS matrix enables a biofilm to exhibit a strong metabolic codependence and synthrophy, common developmental dynamics, and an enhanced immune response of the individual bacteria.

6One of the most relevant post-translational modifications is the bond between the second-messenger c-di-GMP and the PilZ domain in the ycgR gene (Hengge, 2009; Ko and Park, 2009).

7A number of transcriptional regulatory mechanisms may either activate (e.g., Rcs system and CsrA) or inhibit (e.g., FliZ and CsgD) the expression of flagellar genes in such a way that motility gene expression appears to be strongly controlled during the transition from motile to sessile state of bacteria.

8QS system plays an important role in the inhibition of chemotaxis and motion of bacteria. For example, the autoinducer 2 (AI-2) determines a cascade of events that dephosphorylate the response regulator CheY, leading to a counter-clockwise rotation of flagella and smooth swimming (Blat and Eisenbach, 1994).

9Spirochaetes are bacteria with spiral shapes.

10The flagella of M. paradoxa seem to be an ancient relic rather than a functional part of the protist.

11A third system, which can be found in the eukaryotic cells of vertebrates and some invertebrates, is represented by the intermediate filaments which contribute to the maintenance of cell-shape.

12In muscle cells the sliding movement is mediated by tropomyosin and troponin, which bind to the actin filament (Cappucinelli, 1980).

13The Arp2/3 is a protein complex that regulates the polymerization and depolymerization of actin filaments.

14CHUP1 stands for Chloroplast Unusual Positioning 1.

15Lysosomes play an important role in amino acid sensing, exocytosis, plasma membrane repair, transcriptional regulation and also acts as reservoir of amino acids, metabolites and ions. Endoplasmic reticulum is relevant for protein folding, Ca2+ storage, and metabolism of carbohydrates and lipids. Peroxisomes perform the Î²-oxidation of fatty acids (Diogo et al., 2018).

16Homologs proteins for actin are FtsA, MreB, MamK, ParM and Alf; for tubulin are FtsZ, TubZ, PhuZ, and BtubA/B; and for intermediate filaments the crescentin protein (Pilhofer and Jensen, 2013).

17Prokaryotes interchange cargos by means of simple diffusion.

18The main mechanisms underlying the generation of cytoskeletal force include filament growth, filament shrinkage, and molecular motors walking on filaments (Jékely, 2014).

19PIP2 stands for phosphatidylinositol 4,5-bisphosphate, which is a phospholipid involved in the organization and polymerization of filamentous actin by binding to F-actin regulatory proteins.

20The interaction occurs at the membrane contact sites (MCSs) which are zones of apposition between two organelles.

21An exception is represented by those few genes already present in mitochondrial and chloroplast genomes which control oxidative metabolism (in mitochondria) and photosynthesis (in chloroplasts).
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In this article, we propose to critically evaluate whether a closure of constraints interpretation can make sense of biotic entrenchment, the process of assimilation and functional integration of environmental elements of biotic origin in development and, eventually, evolution. In order to achieve the aims of our analysis, we shall focus on multi-species partnerships, biological systems characterised by ontogenetic dependencies of various strengths between the partners. Our main research question is to tackle the foundational problem posed by the dynamics of biotic entrenchment characterising multi-species partnerships for the closure of constraints interpretation, namely, to understand for which biological system (i.e., the partners taken individually or the partnership as the encompassing system) closure of constraints is realised. Through the analysis of significant illustrative examples, we shall progressively refine the closure thesis and articulate an answer to our main research question. We shall also propose that biotic entrenchment provides a chief example of the phenomenon of interactive and horizontal construction of biological individuality and inter-identity.
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BIOLOGICAL INDIVIDUALITY BETWEEN CLOSURE AND ENTRENCHMENT

The characterisation of the criteria for the individuation of developing and evolving living entities is one of the main issues in the philosophy of biology and theoretical biology. From a Darwinian perspective, based on the notion of unit of selection, organisms represent just one individual amongst many possible types. This notion should be contrasted to that of physiological individual focused on functional integration1. The autopoietic approach is an important instance of the latter. Autopoiesis, as its name suggests (a term with Greek etymology from auto = self and poiesis = production), is a theory characterising organismal life in terms of the self-maintenance of organisation through some form of self-production. Autopoiesis characterises the individual as a unit of organisation to be understood in terms of the processes of self-distinction through which the constituent parts of the biological system generate an autonomous domain of relations: an operational closure (Maturana and Varela, 1991). The limits of the individual are thus the limits of this closure, which becomes the fundamental criterion for tracing the boundary between individual and environment. In our view, the chief challenge faced by this approach is to provide a characterisation of the concept of closure that accounts for interactive biological dynamics like entrenchment (West-Eberhard, 2003). West-Eberhard emphasises a neglected but at the same time fundamental process in biology: the role of the environment in the regulation of development and in the production of the phenotype. In the first sense, environmental factors can serve as signals or cues at switch points (i.e., the bifurcations paving the developmental pathway, see Vecchi et al., 2019 for an analysis of the switch-model of development). In the second sense, environmental “materials” can serve as building blocks in phenogenesis (i.e., phenotype construction or formation). In both cases, initially persistent, unavoidable, recurrent environmentally-supplied elements (i.e., signals and materials) can become essential for normal development, resulting in entrenchment, that is, in the establishment of ontogenetic and evolutionary dependencies on environmental elements on the part of biological organisms (West-Eberhard, 2003, pp. 500–503). Given our focus on ontogeny, by entrenchment (see section “The Entrenchment of Environmental Elements in Ontogeny”) we will refer to the process of assimilation and functional integration of environmental elements, particularly the establishment of ontogenetic dependencies on environmental elements on the part of biological organisms2. Entrenchment is thus a process of integration of elements heterogeneous to the biological system’s internal organisation through ontogeny and, eventually, evolution. Significantly, these environmental elements can be biotic in origin rather than the result of chemical processes (e.g., the chemical elements or other precursors required for protein synthesis). Biotic entrenchment occurs when the environmental elements are produced by other organisms or, at the extreme, when such elements are other organisms themselves (e.g., endosymbionts). In this sense, biotic entrenchment provides a chief example of the phenomenon of interactive construction of individuality and inter-identity. As the editors of this thematic issue suggest, complex biological systems display not only vertical complexity (i.e., the hierarchical organisation of parts making up a whole), but also “horizontal” organisation, where this latter organisational dimension influences, on a developmental and, ultimately, evolutionary time scale, their biological identity. In this sense, biotic entrenchment is a process of horizontal generation of organisation. The vast and growing literature on multi-species aggregates (Queller and Strassmann, 2016) such as biofilms (Ereshefsky and Pedroso, 2015), holobionts (Skillings, 2016), and hybrids (Chiu and Eberl, 2016) focuses on the putative individuality of a variety of multi-species partnerships. These partnerships are all products of what we call biotic entrenchment. This literature shows the increasing attention biology and philosophy of biology are paying towards the emergence of inter-identity, the dynamics of horizontal organisation and the interactive construction of individuality through entrenchment. The nature of multi-species partnerships is extremely varied. They range from environmentally induced mutualistic associations (Hom and Murray, 2014) to complex host-endosymbiont relationships (Hehemann et al., 2010), from virally-triggered biofilm formation (Fernández et al., 2017) to outsourcing of developmental signals (Gilbert et al., 2010; Selosse et al., 2014)3, from microbiota-mediated enzyme production (Lu and Walker, 2001) to construction of extracellular organs for the exchange of nutrients and enzymes (Corradi and Brachmann, 2017), etc. In all these cases, ontogenetic dependencies are established between the associated organisms that might translate into stable evolutionary ones. The interplay between developing ontogenetic dependencies and evolving stable evolutionary ones is the crux of the problem of biological individuality from both a physiological and evolutionary perspective4. In this sense, the challenge faced by the autopoietic approach is to reconcile the notion of closure with the ubiquity of the functional exchanges characterising the biotic entrenchment represented by multi-species partnerships.


Closure and Entrenchment

The notion of closure is crucial within the autopoietic framework of analysis because it provides a putative clear-cut criterion for distinguishing the identity of the system with respect to other systems and the environment: the limits of the biological individual are the physical or functional borders (see section “Can Components Assimilated From the Environment Become Integrated in the Functional Organisation O and Perform a Function?” for an analysis of this distinction) of the biological organisation represented by organisational closure. Autopoietic systems are thermodynamically open but organisationally closed. On the one hand, autopoietic systems are open materially and energetically. The material and energetic openness to the environment ensures the circulation of the energy and matter necessary for the maintenance of the organisation. On the other hand, biological systems are organisationally closed. The closure thesis can be interpreted in many ways (some of them reviewed in section “A Characterisation of Closure of Constraints in the Light of Entrenchment”) that, at a first approximation, share the insights that the system somehow determines itself and that the biological identity of the system depends on some aspect of its organisation. Thus, whilst an autopoietic system depends on its physico-chemical milieu (because it is thermodynamically open), it is also identified as distinct from its environment. In this sense, there is a crucial difference between an autonomous internal domain of relations, self-determined by the organism, and the environment with which it exchanges energy and matter. As a result, one of the possible interpretations of the autopoietic approach is that biological individuality can be conceptualised without taking into account the organisational and functional roles played by the environment in the construction and maintenance of biological organisation. Within this context, the examples of entrenchment that we discuss in section “The Entrenchment of Environmental Elements in Ontogeny” seem to be amenable to a different kind of analysis.

Our aim in this article is to critically evaluate one of the crucial insights stemming from the autopoietic tradition, namely the idea that closure, despite the variability of its concrete realisations, is a fundamental “invariant” of biological organisation. The rationale of this insight is that, without some form of closure, a biological system would be just a cluster of unconnected processes and reactions. Our analysis will focus on the closure of constraints interpretation (Montévil and Mossio, 2015; Moreno and Mossio, 2015). The basic idea of this interpretation is to distinguish two “regimes of causation”, one involving processes and another involving constraints. Constraints can be characterised as higher-level structures reducing the degree of freedom of lower-level components within an orchestration of components or organisation. Constraints thus account for some inter-level causal relations and make sense of the notion of control by higher-level structures on the lower-level components in the same organisation. In this sense, they are a possible solution to the puzzle of explaining how wholes exert control on their constituent parts and, particularly, of explaining how biological systems like organisms are dual-control systems with an autonomous harnessing principle (see Umerez and Mossio, 2013). In this latter sense, constraints make sense of the notion of control by intrinsic rather than external structures within an organisation (what the literature calls constitutive constraints, Montévil and Mossio, 2015). They thus ground the idea of autonomous self-maintenance. Pattee (see Winning and Bechtel, 2019) used the notion of constraint in order to refer to structures that control the behaviour of lower-level components; this control is exerted not because of the dynamical interaction of structures with lower-level components, but rather because constraints channel the components’ behaviour along a limited set of routes. In this sense, constraints are material macro-structures selectively limiting the degrees of freedom of micro-components (Moreno and Mossio, 2015, pp. 12–13, note 20). Constraints are such only at a relevant temporal and spatial scale and relative to a specific thermodynamic flow, material input, or process5. Thus, constraints are, relative to a certain scale, conserved with respect to the components. It is because of this relative stability and conservation that they can exert their causal powers by channelling components’ behaviour. Furthermore, given that constraints are just characterised as macro-structures with respect to some lower-level components, they can be structures at many levels of biological organisation. For instance, enzymes constrain chemical reactions in the sense that they harness the behaviour of the material inputs or chemical components of a metabolic reaction as well as the rate of the reaction (Montévil and Mossio, 2015, p. 183). Metabolic pathways constrain chemical reactions: in the urea cycle, the cycle of chemical reactions is constrained in the sense that the behaviour of reactants proceeds along a specific cyclic and recursive route: in a simplified form, ornithine reacts with ammonia to produce citrulline, then citrulline reacts with aspartate to produce arginine, then arginine reacting with water decomposes to urea and ornithine, where the latter is used as a starting component of the same cyclic reaction. Metabolic pathways also constrain the behaviour of enzymes in the sense that a particular enzyme can only perform a specific function within the context of the pathway. For instance, in the Calvin-Benson cycle performed by phototrophs, the enzyme RuBisCo can only perform a specific functional role that is determined by the topological features of the macro-structure or metabolic pathway itself. The circulatory system constraints the movement or circulatory behaviour of nutrients, oxygen, carbon dioxide, hormones, blood cells, etc. All such micro-components can only follow specific paths determined by the macro-structure of the vascular system (itself constituted of an organisation of cells with specific geometrical and topological properties) instead of diffusing throughout the body of the organism (Montévil and Mossio, 2015, p. 189). Thus, whilst biological systems are materially and energetically open and undergo continuously a variety of ontogenetic structural and functional changes, they nonetheless display some form of stability in a specific organisational sense identifiable as a closure of constraints, i.e., a self-maintaining pattern of mutual dependence between their constitutive constraints. As we shall argue in sections “A Characterisation of Closure of Constraints in the Light of Entrenchment” and “A Characterisation of Organisational Invariance in the Light of Entrenchment,” the advocates of the closure of constraints interpretation have made a number of adjustments in order to make closure compatible with the biological reality of developmental change and the dynamics of functional variation. However, biotic entrenchment poses an additional kind of challenge. At the heart of the problem is the distinction between internal or constitutive constraints (those realised within the spatial boundary of the biological system’s organisation) and external ones (those realised between the biological system and the environment; for instance, through biotic entrenchment). When the organisms in a multi-species partnership develop irreversible ontogenetic mutual dependencies such that they rely on the partners for their own physiological maintenance (that is, when their self-maintenance is not reducible to the internal system of constraints realising closure but also depends on the existence of external constraints), it might be argued that the individual partners do not realise closure. It thus becomes difficult to discriminate for which biological system closure is realised: suppose that two organisms A and B start sharing a functional constraint through biotic entrenchment; what is the closed biological system? A, B, or the partnership C between A and B? When partners establish irreversible ontogenetic dependencies, how can each partner be individuated as that very same biological system independently of the interactions with others? As we shall see in section “Can Components Assimilated From the Environment Become Integrated in the Functional Organisation O and Perform a Function?”, a possible solution to this puzzle can be drawn from extended autopoietic accounts based on closure (Virgo et al., 2011). This is, in our opinion, the crux of the problem posed by entrenchment for autopoietic accounts based on closure. Indeed, Montévil and Mossio (2015, p. 188) acknowledge that failure to solve this theoretical problem implies a weakness for any account based on closure. Whilst Montévil and Mossio (2015) address this problem in an abstract way, in this article we propose to analyse the empirical cases of entrenchment illustrated in section “The Entrenchment of Environmental Elements in Ontogeny” at a fine-grained level of detail. These examples are tailored to critically assess the biological feasibility of the notion of closure of constraints, test whether indeed this notion is compatible with entrenchment and eventually open up a new perspective to understand biological individuality. We have chosen these examples for two reasons. The first is that, in order to answer the research question concerning the compatibility between entrenchment and closure, we need to consider examples that are amenable to analysis in terms of “developmental events6.” Even though biotic entrenchment is, ultimately, an evolutionary phenomenon, our analysis aims to reconstruct this evolutionary history in terms of the developmental events occurring to the relevant partners, without taking into consideration inheritance7. Put differently, our analysis emphasises the ontogenetic dependency between partners. A second reason to choose our examples has to do with their variety: entrenchment between unicellular, multicellular organisms, and other biological systems are illustrated8. It might thus be objected that the analysis we propose in terms of developmental events is not feasible, given that unicellular organisms do not develop, at least in the classical sense of development (Nuño de la Rosa, 2010, p. 292). Development can be characterised in many ways, some restrictive and some less so. We favour the latter avenue and characterise development, following West-Eberhard (2003, pp. 89 ff), as the series of phenotypic and qualitative changes a responsive biological system undergoes due to environmental and genomic inputs. If development is characterised in these general terms, every organism is capable of development if it undergoes phenotypic qualitative changes during its life history9. In this light, the examples of entrenchment we illustrate in the next section can be analysed in terms of significant developmental events such as genome reduction (section “Dependence Through Division of Metabolic Labour”) or lateral gene transfer (section “Mutual Dependence Through Genomic, Metabolic, and Cellular Integration”) or the incorporation of an externally produced enzyme in a metabolic pathway (section “Mutual Dependence Through Genomic, Metabolic, and Cellular Integration”).




THE ENTRENCHMENT OF ENVIRONMENTAL ELEMENTS IN ONTOGENY

As we related in section “Biological Individuality Between Closure and Entrenchment,” West-Eberhard emphasises a neglected but at the same time fundamental process in biology: the role of the environment in the regulation of development and in the production of the phenotype. In both cases, initially persistent, unavoidable, recurrent environmentally-supplied elements (i.e., signals and materials) can become essential for normal development, resulting in entrenchment, that is, in the establishment of opportunistic ontogenetic and evolutionary dependencies on environmental elements on the part of biological organisms (West-Eberhard, 2003, pp. 500–503). For instance, in a very fundamental sense, gene expression cannot be performed without environmental elements. For example, mammals are unable to synthesise all amino acids necessary for protein biosynthesis; what mammals do is to get them from nutrition, by eating the organisms that actually synthesise them (e.g., bacteria and plants) and then extracting already functional molecular components; without such environmentally-supplied elements, mammals would not be able to effectively perform gene expression, for instance the biosynthesis of haemoglobin. The same point can be made about many aspects of metabolism: humans are also unable to synthesise various vitamins so that they must assimilate them through nutrition; birds’ digestion depends on the ingestion of stones that function as gastroliths; oxygen and sunlight are other recurrent environmentally-supplied elements of animal and plant development, respectively, etc. As West-Eberhard (2003, p. 500) puts it, all these elements are entrenched, with the consequence that: “None of these essential components of the phenotype emanate from the genome. Indeed, nothing emanates from the genome without environmental materials…”.

West-Eberhard’s analysis is instrumental to support her hypothesis that phenotypic novelty is often environmentally initiated rather than being caused by internal genomic change or self-generated. For our analysis, the implications of entrenchment are various. First of all, to think about the environment as merely posing challenges and disturbances to which organisms must respond and resist in order to survive and preserve their identity is clearly at odds with the constructive role the environment plays in ontogeny. Focusing on metabolism, entrenchment makes it clear that the self-production claim often associated with the autopoietic tradition should be appropriately qualified (see section “Can Set S Be Extended by Assimilating Components From the Environment?”). The reason is that there is arguably no living organism that self-produces all the components it requires to maintain its identity in ontogeny. Does a unicellular organism self-produce, for instance, all its DNA sequences and all the molecular components for protein biosynthesis? The ubiquity of lateral gene transfer and the assimilation of a variety of chemical precursors make the strict self-production scenario at best unrealistic. When other kinds of organisms are considered, we know that many of them have lost self-production capacities in multifarious senses, for instance in terms of the inability of synthesising various amino acids or vitamins. This points to a second crucial aspect of entrenchment. Organisms rely on the entrenchment of environmental elements that are not only abiotic in origin (e.g., produced by chemical processes and at the basis of the assimilation, for instance, of the precursors required for amino acid and protein syntheses, a phenomenon that we could call chemical entrenchment); in fact, often environmental elements are biotic in origin: many kinds of organisms rely on the production capacities of other organisms. Indeed, the loss of organismal capacities of self-producing various molecular components is explained by this reliance on other organisms, by a primitive form of cooperation, horizontal organisation or inter-identity. Crucially, the assimilated elements might also be deployed in order to perform new functions. Indeed, whole organisms (e.g., symbionts) may act as entrenched environmental elements in development and metabolism: symbiont-partners may be assimilated by host-partners, as all eukaryotic cells and holobionts show (see section “Mutual Dependence Through Genomic, Metabolic, and Cellular Integration”). The entrenchment of biotic environmental elements captures a widespread biological phenomenon: the outsourcing of components’ production to other organisms. As West-Eberhard’s makes clear, this is not surprising given that an organism’s environment includes other organisms. As anticipated in section “Biological Individuality Between Closure and Entrenchment,” we call this phenomenon biotic entrenchment. In brief, the logic of biotic entrenchment is that the environment has a constructive role in ontogeny in two senses: on the one hand, components’ production can be outsourced to other organisms and, on the other, outsourced components might be deployed to generate new functions. Thus, as we shall see in section “A Characterisation of Closure of Constraints in the Light of Entrenchment,” the problem faced by autopoietic approaches is to reconcile the notion of closure with biotic entrenchment.

Before proceeding with the analysis of the examples of biotic entrenchment, a clarification is required. It is useful to distinguish between the process of entrenchment on the one hand, and the outcome of the process. This terminological distinction mirrors that concerning, for instance, the term “adaptation,” which might be used to refer, confusingly, to the process of adaptive evolution and to its phenotypic outcome. The process of entrenchment can be decomposed in the process of assimilation of environmental elements and that of their functional integration. These two processes have an ontogenetic and evolutionary dimension. Entrenchment as an outcome is the emergence of a partnership and, ultimately new biological individual, as a result of the process of entrenchment. This distinction will be useful for the analysis in sections “Can Components Assimilated From the Environment Become Integrated in the Functional Organisation O and Perform a Function?” and “A Characterisation of Organisational Invariance in the Light of Entrenchment.”


Dependence Through Division of Metabolic Labour

Let us examine our first example. Some extremely abundant marine species of bacteria (e.g., Prochlorococcus marinus and Candidatus Pelagibacter ubique, henceforth Ps) lack genes to survive oxidative stress, specifically genes (katG) coding for enzymes (catalase-peroxidase) that are necessary to resist HOOH (i.e., external hydrogen peroxide, H2O2). The metabolic importance of such genes is hard to underestimate, given that HOOH is capable of killing axenic Prochlorococcus cultures in a few hours (Morris et al., 2012). But these species underwent a process of genome reduction. Given that HOOH removal and water detoxification is so crucial for the survival of these dominant bacteria, why did genome reduction happen? The answer is that these groups of organisms (i.e., Ps) depend on other organisms for the reduction of HOOH (henceforth Hs):


“…the loss of HOOH resistance can be described as a community-dependent adaptive event. It is adaptive because resources may be shunted from HOOH defense to growth, but only because other members of the community condition the environment such that a robust oxidative-stress response becomes dispensable to the beneficiaries.” (Morris et al., 2012, p. 2)
 


The evolution of this functional dependency in marine microbial communities is based on the principle that metabolically costly functions might be abandoned if other organisms produce “public goods” and benefits for the ecosystem. This pattern of division of metabolic labour is very common. For instance, nitrogen fixation – a metabolic function very demanding energetically – is solely performed “… by a relatively small subset of organisms; for example, in the oceans, nitrogen-fixing species (diazotrophs) constitute less than 1% of the total cyanobacterial population.” (Morris et al., 2012, p. 4). This example of biotic entrenchment epitomises the principle of outsourcing of components’ production. In other words, it is not necessary for Ps to produce all the essential metabolic resources; rather, what is necessary is to possess them at the right time, independently of how they are produced and acquired. The stability of the partnership depends on the constant renewal, at each generation, of a specific functional coupling between Ps and Hs, i.e., the organisms performing HOOH removal. Thus, this dependence is reinforced through ecological coevolution. Also note that, even though the dependence is evolutionary reversible (if Ps regain the ability to detoxify marine water by mutation or by lateral DNA transfer), it is ontogenetically irreversible in the sense that Ps cannot survive without Hs.

Two developmental events characterise the establishment of the ontogenetic dependency between Ps on Hs. First, genome reduction is a developmental event in the life of Ps that causes the loss of their ability to biosynthesise catalase-peroxidase enzymes. It is a developmental event because gene loss happens to single organisms. It is only after such events that a population effect ensues (i.e., that the majority of members of the population do not possess the katG genes). Secondly, Ps must be able to assimilate deoxygenated water and make use of this resource in their metabolism. This is not, obviously, a major problem given that all organisms can effortlessly use deoxygenated water as a metabolite, as a solvent, as a structural component of the aqueous environment of protein folding etc., that is, to perform metabolic roles in a vast range of chemical reactions. The functional integration is therefore, by assumption, straightforward because it does not require a major reorganisation of the physiology of Ps. The same can be said about the assimilation of DNA molecules through lateral DNA transfer, which many organisms (e.g., bacteria) are able to easily functionally integrate because such integration does not require, for instance, the reorganisation of the molecular apparatus of transcription. What is rather important in this sense is the “simplification” of metabolism, namely, the fact that Ps will not need to make use of the metabolic pathway where hydrogen peroxide is a reactant. This simplification is, in the language of closure of constraints, a loss or a suppression of a constraint.



Mutual Dependence Through Genomic, Metabolic, and Cellular Integration

The green sea slug Elysia chlorotica assimilates chloroplasts by feeding on the marine algae Vaucheria. It is thus a “photosynthetic” animal. The partnership between Elysia chlorotica and two Vaucheria species is both specific (Elysia chlorotica only associates with these two species of Vaucheria, i.e., V. litorea and V. compacta) and obligate (the sea slug would not fully develop without Vaucheria). However, no reproductive co-transmission ensues (i.e., no sea-slug-algae coordinated inheritance system has evolved allowing the vertical transmission of the plastids to the sea slugs of the offspring generation). In fact, the slug needs to assimilate the plastids at each generation by eating the marine algae Vaucheria, making this a developmentally and metabolically significant dependency that is particularly apt for our analysis. The Vaucheria’s chloroplasts are absorbed by phagocytosis and then sequestered in the specialised digestive tubular cells in the slug’s gut, where they are kept functional. Indeed, this slug is able to perform photosynthesis via the chloroplasts that it “steals” from Vaucheria litorea (a phenomenon called kleptoplasty). As a consequence, the sea slug can survive several months – satisfying its nutrients needs – solely by photosynthesis (Green et al., 2000). The fact that the plastids “stolen” by Elysia chlorotica still manage to function once ingested is particularly significant: how can plastids continue to perform photosynthesis in the absence of algal cytoplasm? There are three possible explanations: (1) either the Vaucheria litorea chloroplasts maintain their genetic and metabolic autonomy by producing autonomously all the metabolic resources to perform photosynthesis; (2) cryptic algal products (e.g., DNA, RNA and functional proteins) persist for a long time and can be used by plastids; (3) the mollusc partially contributes to this process by providing some of these metabolic resources. Several lines of evidence support the third hypothesis. First of all, the plastid genome does not contain all the protein-coding genes to satisfy its metabolic needs. Only considering photosynthetic capacities, it has been shown that the plastid encodes only one (i.e., RuBisCo) of the 12 essential photosynthetic enzymes (Rumpho et al., 2011, p. 307). Secondly, plastids are able to maintain functionality for several months. How they manage to do this is puzzling because, in order to maintain functionality, the plastids need to repair and substitute damaged proteins; when living inside Vaucheria litorea cells, the plastid can perform this process by exchanging DNA and functional proteins with the algal nucleus; however, the plastid cannot interact with the algal nucleus because it lives intra-cellularly in the animal’s digestive cells. Thirdly, there is evidence showing de novo synthesis of essential proteins in sea slugs starved for several months of their algal diet. Particularly this latter line of evidence suggests that the third hypothesis is correct. The evidence shows that the process is quite convoluted: it involves transfer of DNA sequences from algae to slug and, then, transfer of functional proteins from slug/host to plastid/symbiont. It is significant in this sense that the plastids seem to have relinquished two of the four layers of their membrane, which might render protein transfer more likely (Rumpho et al., 2011, p. 306). For instance, an enzyme synthesised from the nuclear oxygenated photosynthesis gene, psbO, is expressed in the sea slug and then likely exported to the plastid (Rumpho et al., 2011, p. 307). The DNA sequences from which the enzymes of the photosynthetic pathway are biosynthesised have been acquired on an evolutionary time scale by the animal via lateral DNA transfer, but the encoded proteins are produced, on an ontogenetic time scale, by the slug and exported to the plastid (Rumpho et al., 2008). Furthermore, the plastid photosynthetic pathways are reorganised. For instance, one of these – i.e., the Calvin-Benson cycle – involves a dozen of enzymes only three of which (RuBisCo and two other enzymes) are unique to phototrophs, having no known homologues in animals (Rumpho et al., 2011, p. 307, Figure 5). This means that the plastid performs the Calvin-Benson cycle by assimilating proteins either encoded by or imported from the slug, reorganising an old pathway by deploying enzymes assimilated through biotic entrenchment.

The developmental events characterising the establishment of the set of complex mutual ontogenetic dependencies between Elysia chlorotica and Vaucheria’s plastids on which we shall focus are three. First, proteins biosynthesised by the slug are assimilated by the plastid; to be realised, this process requires compatibility between the mechanisms of export and import on the parts of the partners, for instance, involving the simplification of the plastid membrane tailored to the acquisition of the proteins. Another form of cellular integration works in the opposite direction: the slug extracts the Vaucheria’s plastids and then functionally integrates them in the specialised tubular cells of its digestive epithelium. Thirdly, the proteins that the plastid assimilates from the slug are deployed in order to functionally re-organise the photosynthetic pathways with which the plastid contributes to the slug’s nutritional requirements. Note that the relevance of this example is not that the partnership between Elysia chlorotica and plastids is a consolidated mutualistic symbiosis like that, for instance, exhibited by eukaryotic cells or Paulinella chromatophora (see below). Its significance is rather that it is a partnership in the making, allowing us to unpack in some detail the ontogenetic dynamics of the process of entrenchment, that is, the kinds of functional integration (i.e., genomic, metabolic and cellular) occurring between partners and leading to the establishment of their mutual ontogenetic dependence.

These two different examples of biotic entrenchment identify various ways in which partners establish genomical, metabolic, and cellular irreversible ontogenetic dependencies. It is now time to consider how an autopoietic approach might make sense of this interactive and horizontal dimension of biological organisation.




A CHARACTERISATION OF CLOSURE OF CONSTRAINTS IN THE LIGHT OF ENTRENCHMENT

The first step of our analysis is to dismiss, in sections “Can Set S Be Extended by Assimilating Components From the Environment?” and “Is Topology T Ontogenetically Invariant?”, some of the characterisations of closure that are in our view incompatible with entrenchment. This exercise is important in order to understand the ways in which closure of constraints is an interpretation of autopoiesis able to account for entrenchment.

In order to achieve our analytic aims, we propose a framework of analysis distinguishing composition, topology, and orchestration (see Vecchi et al., 2019). A set of entities S constitutes, as component parts, a biological system. The entities of the set S are spatially arranged according to a particular topology of interactions T. The entities of set S with topology T are causally organised in a particular relational fashion, functional organisation or orchestration O whereby the component parts perform particular activities that causally determine the behaviour of the biological system10. Now, we can pose and provide an answer to the following three questions related to ontogenetic biotic entrenchment:

1. Can set S be extended by assimilating components from the environment?

2. Is topology T ontogenetically invariant?

3. Can components assimilated from the environment become integrated in the functional organisation O and perform a function?


Can Set S Be Extended by Assimilating Components From the Environment?

This first question concerns components closure. If closure is interpreted as internal strict self-production, the assimilation of components from the environment does not respect closure. It is uncontroversial that autopoiesis has been often interpreted as a claim about self-production, specifically in terms of circularity of production relations (Razeto-Barry, 2012). Obviously, there is a trivial sense in which this interpretation is meaningless, as it is invariably acknowledged that biological systems are thermodynamically open (see section “Biological Individuality Between Closure and Entrenchment”). Furthermore, it has been continuously recognised that self-maintenance occurs in spite of the continuous replacement of the token material components of which the biological system is constituted. Components closure is surely compatible with some form of transformation. Most obviously, given that token components are constantly destroyed, regenerated, environmentally assimilated etc., components closure is a claim about a self-produced subset of types of components11. Views concerning self-production vary extensively in the literature. At the extreme, Luisi (2003) defines autopoiesis as the thesis that all the molecular components for self-maintenance are internally produced, a view that is biologically unfeasible in the light of chemical and biotic entrenchment12. Some form of qualification is thus needed to characterise closure by identifying the subset of types of components that are, as a matter of fact, self-produced. Some authors (Cárdenas et al., 2010, p. 80) have proposed the idea of metabolic closure (labelled “enzymatic” by Mossio and Moreno, 2010, p. 278): “…all catalysts are synthesised internally; none is produced by any external agency13.” There are good empirical and theoretical reasons to challenge this characterisation of closure. Several lines of evidence indicate that the notion of enzymatic closure is problematic. Basically, enzyme production might be outsourced if appropriate mechanisms of protein-exchange evolve. Bacteria can transport proteins into the host cell’s cytosol via specific “needles” (e.g., type III secretion system). Usually the literature emphasises the transport of pathogenic proteins (Lu and Walker, 2001), but of course it could be used for beneficial (to the host cell) ones. Secondly, protein import/export between mitochondria or chloroplasts and host is well known (Poyton et al., 1992). In section “Mutual Dependence Through Genomic, Metabolic and Cellular Integration,” we saw that plastids import proteins from Elysia chlorotica and that have evolved a narrower membrane to facilitate import. A similar example of import of proteins concerns Paulinella chromatophora. This organism has two endosymbiotic chromatophores unable to reproduce alone, like mitochondrial and plastid organelles. On the one hand, on an evolutionary time scale, there is strong evidence in favour of the transfer of chromatophore DNA sequences to host. On the other hand, on an ontogenetic time scale, cytosol-synthesised proteins are imported back into the endosymbionts by releasing them into the inter-membrane space and crossing the peptidoglycan wall thanks to “…low molecular weights and nearly neutral charges, which probably represent adaptations to facilitate this passage.” (Bodył et al., 2012). Analogously to the cases of protein exchange between slug and plastid and between Paulinella chromatophora and chromatophore endosymbiont, most of the proteins required by mitochondria are encoded in the nucleus and imported into the organelle (Kuroiwa et al., 2006). All this evidence provides a proof of principle that the transfer of proteins between partners can evolve14. From a theoretical point of view, we agree with Razeto-Barry (2012) that self-production is conditional on what is available in the environment. What autopoietic systems do is, of course, to produce a subset of the types of components of the system, even though the subset actually produced depends contingently on what is available in the environment. Within this perspective, self-maintenance is achieved when the self-produced subset is:


“…capable of procuring the internal presence of the rest of the components of the system from the exterior, bringing them ‘in’ and maintaining them in a sufficiently local proximity to compose a physical unit. That is, it is not especially relevant whether the functional components of the system (we may exclude the ‘waste’) come from the environment or are produced internally, what is important is that they be present …” (Razeto-Barry, 2012, pp. 554–555)
 


More generally, entrenchment is inherently opportunistic and, arguably, the assimilation of components has no potential limits. Even though obviously there are no organisms that do not produce some of their token components, to postulate the invariance of some self-produced subset of types of components might turn out to be incompatible with entrenchment. The externalist ethos of entrenchment is, in any case, compatible with that proposed by the closure of constraints interpretation, whose focus is self-maintenance rather than self-production (Moreno and Mossio, 2015, note 7, p. 5)15.



Is Topology T Ontogenetically Invariant?

Consider the case in which a biological system is constituted by a set of types of component entities S, some of which are self-produced and some of which are assimilated from the environment, contravening the interpretation of autopoiesis as strict self-production. We can now ask whether this system of components must respect a specific spatial arrangement or topology in order to be considered that very system and ground individuality ascriptions.

At first sight, characterising closure in terms of topological invariance is counterintuitive given that biological systems continuously undergo a series of ontogenetic structural changes. However, in a more interesting and restricted sense, ontogenetic change is compatible with some form of topological invariance; when the claim is made that some metabolic pathways such as those at the core of protein biosynthesis are invariant and unaltered despite assimilation of environmental components (e.g., lateral DNA transfer, amino acid transfer and cofactors exchange between host and endosymbiota, Wernegreen, 2012), a more circumscribed claim concerning invariance is made. Topological invariance is in fact compatible with the externalism of entrenchment characterised in section “Can Set S Be Extended by Assimilating Components From the Environment?”, in the sense that the rationale of the characterisation of closure in metabolic and enzymatic terms might be to capture a topological invariant of biological organisation rather than self-production. Nonetheless, it seems to us that the assimilation of metabolic interactants or enzymes from one of the partners allows some form of plasticity, for instance in the form of the transformation of the topology of an old metabolic pathway. Consider a case in which an organism produces a component part in a 4-step series of biochemical reactions whereby the end product of the previous reaction is the starting product of the following; the topology of the network of production consists of a cycle with four reactions; suppose the organism starts assimilating a reactant from the environment which allows the simplification of the network by bypassing one of the steps, for instance by reducing the production chain to three biochemical reactions; in this case, which is structurally similar to that illustrated in section “Dependence Through Division of Metabolic Labour,” a transformation of the topology of the network of production or metabolic pathway ensues. An example of transformation has been illustrated in section “Mutual Dependence Through Genomic, Metabolic, and Cellular Integration”: the Calvin-Benson cycle involves a dozen enzymes, most of which are proteins either encoded by or imported from the slug; when slug-biosynthesised enzymes are assimilated by plastids and deployed in order to re-organise their photosynthetic pathway, possible variations in the topology of the pathway might ensue.

More generally, we concur with Razeto-Barry (2012, p. 557) that biological systems such as organisms do not primarily aim to resist changes to their organisation and preserve some aspect of topology invariant throughout ontogeny; they rather strive to preserve their spatio-temporal unity or numerical identity in spite of the variety of physico-chemical changes they are subjected to. Additionally, we would like to add that biological systems are opportunistic so that any assimilated environmental component might be, when available and whenever possible, functionally entrenched in order to preserve their identity. Perhaps some form of topological invariance might characterise biological systems at some level of analysis but, given the above considerations, the search for significant topological invariants encompassing all kinds of organisms is probably futile. Unless the closure of constraints interpretation is committed to this search, we do not see any reason why it should be unable to account for the ontogenetic changes generated by entrenchment. After all, the claim is frequently made in this literature that structural (as well as functional) variation is not simply an obstacle to maintaining biological organisation, but a crucial condition for adaptability (Ruiz-Mirazo and Moreno, 2004; Montévil and Mossio, 2015, p. 190).



Can Components Assimilated From the Environment Become Integrated in the Functional Organisation O and Perform a Function?

The upshot of the two previous sections is that biological systems are both compositionally and topologically “open” during ontogeny. The question we need to ask now is whether the components assimilated from the environment can become integrated into the functional organisation or orchestration of the biological system and be ascribed a function. This is a crucial issue because, for instance, Queller and Strassmann (2016, p. 861) suggest that “Acquiring a symbiont that has already perfected certain functions on its own can be by far the most rapid way of acquiring novel functionality”. The issue of this subsection is how a closure of constraints interpretation can make sense of claims of this kind.

In the context of the organisational approach, the concept of function pertains to current (rather than evolutionary) biological organisation; given that biological organisation is characterised in terms of closure of constraints, it follows that the concept of closure grounds functionality within biological systems: “…constraints subject to closure constitute biological functions” (Montévil and Mossio, 2015, p. 186). Applied to entrenchment, the idea is that components assimilated from the environment, when maintained within that organisation, can acquire and thus, be ascribed, a function only if they make a specific contribution as a constraint to the self-maintenance of the system itself. For instance, a component could act as a catalyst in a metabolic reaction or modify the topology of a metabolic pathway. In all these cases, the acquisition of a function within the organisation of the system on the part of an assimilated component is the end result of ontogenetic entrenchment16. In order to see whether entrenchment and closure of constraints are compatible, let us take a look again at our examples.

The example illustrated in section “Dependence Through Division of Metabolic Labour” is unproblematic for an account of closure of constraints. As we stressed, following developmental events like genome reduction and loss of catalase-peroxidase, the dependence between Ps and Hs is ontogenetically irreversible in the sense that, in order to survive, Ps must assimilate and functionally integrate deoxygenated water. Such developmental events cause the structural and functional variations undergone by Ps and, specifically, the loss of the use of the metabolic pathway where catalase-peroxidase “controls” water deoxygenation. As we suggested, these ontogenetic dynamics can be characterised in terms of a change in the subset of constraints realising closure, more specifically in terms of a loss of constraint, which implies an organisational transformation of the sets of constraints realising closure. As we anticipated in section “Biological Individuality Between Closure and Entrenchment,” one of the problems posed by the dynamics of biotic entrenchment characterising multi-species partnerships is that it becomes difficult to discriminate for which of the entrenched biological systems closure is realised. It could be argued that in the case at hand, whereby an ontogenetically irreversible dependence between Ps and Hs is at stake, what realises closure is actually their partnership. On the contrary, we would argue that in this specific case the partnership is not the entity realising closure and cannot be treated, as a consequence, as an encompassing or extended biological individual. The reasons are the following. It has been argued that the autopoietic approach provides the basis for an extended definition of life and cognition and, concomitantly, for a reinterpretation of the notion of closure. For instance, Virgo et al. (2011) argue that worm’s digestion is an extra-organismic process amenable to be understood in extended autopoietic terms: the worm secretes in the external environment enzymes that decompose food and re-assimilates the products of this external decomposition, finally making use of them for its own metabolic purposes. The basic idea of the extended autopoietic approach is that closure is a property of the “extended organism” or, put differently, that, given that physiological and developmental processes are not organism-bound, they are neither organism-centric. This perspective has counter-intuitive implications, recently highlighted by Vecchi (2019). The problem of the extended approach in this specific case is that, apart from the fact that the above relationship is not mutual (P needs H but H does not need P), entrenchment remains, despite not being organism-bound, organism-centric17. In fact, P remains the location of the assimilation and functional integration of the externally produced deoxygenated water, processes that are organism-centric. Thus, there is a crucial distinction between the developmental system or organism P on the one hand and the partnership as an extended biological system or web of causal interactions between Ps and Hs on the other. Therefore, we argue that there is no problem in this case to think about closure as a property of Ps and Hs separately and, concomitantly, no reason to think that the partnership is an extended biological individual also realising closure18.

The same kind of analysis cannot, however, be applied to the example considered in section “Mutual Dependence Through Genomic, Metabolic, and Cellular Integration,” suggesting that an extended interpretation of autopoiesis is more legitimate. In cases of this kind, the process of functional integration is not clearly organism-centric but, rather, arguably partnership-centric. When partners exchange, recruit and re-deploy - on an ontogenetic time scale – genomic, metabolic and cellular resources, a complex range of mutual dependencies is established between them. As we have seen in section “Mutual Dependence Through Genomic, Metabolic, and Cellular Integration,” partners exchange both genomic resources through lateral DNA transfer (e.g., from plastid to Elysia through Vaucheria) and a variety of metabolic resources such as amino acids, vitamins, co-factors, co-enzymes (from plastid to Elysia and vice versa) and proteins (from Elysia to plastid, a process involving the simplification of the plastid membrane); they also recruit in metabolic pathways enzymes biosynthesised by the partner (as plastids do within Elysia by deploying such enzymes in order to functionally re-organise their photosynthetic pathways), have the means to functionally integrate entire cells within their bodies (as Elysia does by functionally integrating plastids in its specialised tubular cells of the digestive epithelium) and harness the metabolic capacities of endosymbionts (as Elysia chlorotica does by benefiting from plastids’ photosynthetic capacities in order to satisfy its nutritional requirements). The existence of this complex range of mutual dependencies of increasing genomic, metabolic and cellular integration makes it difficult to deny that the extended approach might have a valid point at this juncture. The chief reason is that partners exhibit these latter causal capacities only within the partnership, in the sense that such causal capacities would not be instantiated in other relational contexts. For instance, it is only within the context of the orchestration of the encompassing system constituting the partnership that Elysia chlorotica can functionally integrate plastids in its specialised tubular cells of the digestive epithelium. Conversely, it is only within the context of the orchestration of the encompassing system constituting the partnership that plastids, for instance, relinquish two layers of their membranes in order to facilitate proteins import from the slug19. Above all, Elysia chlorotica can become a photosynthetic animal only by interacting appropriately with plastids within a specific relational context or biological orchestration. Given that it is only within the encompassing system or partnership that partners behave in particular ways accounting for the mutual dependence dynamics of the partners, the encompassing system possesses what could be called “global constraints” controlling, harnessing and channelling the behaviour of the partners. We might thus say that the complex web of give and take interactions, irreversible ontogenetic mutual dependencies and functional exchanges characterising cases of biotic entrenchment of this kind is better seen as a merging of constraints systems whereby the functional and physical boundaries of the partners become progressively more difficult to discriminate. Moreno and Mossio (2015, p. 23) argue that: “… by relying on closure, the autonomous perspective clearly favors … functional criteria over physical ones to define the boundaries of biological organisms.” Approaches like Villalobos and Razeto-Barry (2019) based on the distinction between embodied and embedded living beings (see footnote 18) seem to equate functional and physical boundaries and ground the former in terms of the latter: the embodied living system is physically separated and functional integration can be fully accounted from its perspective. The photosynthetic slug case is instructive in this sense because it is difficult to equate the functional boundaries of the partnership with the physical boundaries of the partners at all stages of ontogenesis given that the plastids are not part of the entire life history of the slug and vice versa. Most importantly, the photosynthetic slug case is instructive because this partnership-in-the-making provides some clues on how complex mutual dependencies might evolve into mutualistic symbioses20. The more the ontogenetic dependencies caused by biotic entrenchment occur within a physical boundary, the more the embodied and organism-centric perspective can account for them. At the extreme, such as the case of Paulinella chromatophora (section “Can Set S Be Extended by Assimilating Components From the Environment?”) and chromatophores or, indeed, eukaryotic cells and organelles, partnerships constitute physically-separated and embodied wholes for the entire ontogenetic process. But this is an evolutionary achievement, the pinnacle of the entrenchment process generating, as entrenched outcomes, new kinds of organisms. Compatibly with our analysis, in the evolutionary literature such phenomena are understood in terms of gradually increasing levels of organismality that, at the extreme, can be seen as transitions in individuality (Queller and Strassmann, 2016).

Thus, the dynamics of functional integration at the heart of biotic entrenchment in the case of partnerships generates a foundational problem for any account of closure because it is difficult to discriminate the system of constraints of two partners with precision when irreversible ontogenetic dependencies and functional exchanges are so intertwined. In cases of merging of systems of constraints, such dynamics are not merely accountable in terms of loss of constraints as in the case illustrated in section “Dependence Through Division of Metabolic Labour.” They also require a further significant modification of the closure of constraints account of biological organisation. When the organisms in a multi-species partnership develop irreversible ontogenetic mutual dependencies such that they rely on the partners for their own physiological maintenance, that is, when their self-maintenance is not reducible to the internal dynamics of the system of constitutive constraints (those realised within the spatial boundary of the biological system’s organisation), realising closure depends on the existence of external constraints (those realised between the biological system and the environment through biotic entrenchment, more specifically between biological systems through merging of their constraints systems). Thus, does closure belong to partners, the partnership or both? Montévil and Mossio (2015) approach this problem in these terms. Suppose two cells establish irreversible ontogenetic direct and mutual dependencies; as a consequence, the encompassing system realises closure: “In this situation, is there a legitimate way to argue that the individual interacting cells also realise closure?” (Montévil and Mossio, 2015, p. 188). This thought experiment straightforwardly applies to the photosynthetic slug case. In order to answer the above question, these authors propose a formal solution by means of which the two cells can be “represented as two discriminable systems”. Does this mean that they realise closure? Montevil and Mossio clarify that, even though the formal procedure does not allow to discriminate between the systems in terms of strict discontinuities, they can be drawn in terms of a tendency to closure, that is, a measure of the organised complexity of the cells that can be used to represent the degree of organisational integration between them:


“The tendency to closure is a measure of the degree of organisational integration of organisms and, as well as, an operational tool for drawing the boundaries between them, even when they establish functional dependence. It is worth emphasizing, in this respect, that such a measure comes in degrees.” (Montévil and Mossio, 2015, p. 189)
 


Tendency to closure is a notion capturing some of the peculiarities of biotic entrenchment, i.e., the difficulty to separate in terms of strict discontinuities the functional boundaries between partners whereby systems of constitutive and external constraints are merging. One of our chief aims in this paper is to translate the notion of tendency to closure proposed by Montévil and Mossio to biologically realistic cases. Montévil and Mossio (2015, see Figure 1, p. 189) only consider a simplified case where the degree of organised complexity of the cells is higher than that of the encompassing system. But such cases are, in our opinion, certainly not the more interesting and challenging for closure of constraints accounts. The photosynthetic slug case is especially interesting because it shows that the organised complexity of the partnership is higher than that of the partners taken individually; the reason, again, is that the partnership possesses a rich set of global constraints controlling, harnessing and channelling the behaviour of the partners. A biologically feasible, rather than merely formal, interpretation of the notion of tendency to closure makes sense of the existence, in the biological world, of multi-species partnerships with varying degrees of functional dependence between partners and gradually richer sets of global constraints, making closure ascriptions to the partnership progressively more realistic from a biological point of view. The concept of tendency to closure also makes sense of the claim that partnerships are outcomes of the process of biotic entrenchment, with the emergence of new biological individuals at the extreme21.

The case of partnership thus shows that components assimilated from the environment can become functionally integrated or entrenched in a variety of ways by the partners. At one end of the continuous spectrum of the dynamics of functional integration establishing ontogenetic dependencies between partners, we have cases where it is unproblematic to take an organism-centric perspective and dismiss the suggestion that it is the partnership that realises closure (i.e., being the extended biological individual). But, at the other end, the suggestion stemming from the extended approach to autopoiesis (i.e., that it is the partnership the system that realises closure) gains strength because the dynamics of functional integration establishing ontogenetic dependencies between partners cannot be fully understood from the organism-centric perspective. In the latter cases, a merging of constraints systems might characterise such dynamics in terms of the loss but also assimilation of further external and non-constitutive constraints, in terms of the progressive internalisation of such external constraints on the part of the partnership and in terms of the generation of global constraints. Finally, at the extreme of the spectrum, the diachronic emergence of new kinds of organisms occurs as the result of the interactive construction of biological individuality through the progressive transformation of the horizontal organisation achieved through entrenchment-driven merging of constraints into vertical complexity (i.e., the hierarchical organisation of parts making up a whole). The more the systems of constraints are merged, the more closure and individuality ascriptions to the partnership make sense. Thus, biotic entrenchment implies that the biological individuality of the biological system might be constructed via the interaction with the other biological systems present in the environment. It is in this sense a chief example of interactive construction of biological individuality and inter-identity.




A CHARACTERISATION OF ORGANISATIONAL INVARIANCE IN THE LIGHT OF ENTRENCHMENT

Another aspect of the problem posed by entrenchment for autopoietic accounts based on closure is the characterisation of the concept of organisational invariance. If closure of constraints does not capture an invariant aspect of biological organisation, then it has no genuine explanatory role in biology (Moreno and Mossio, 2015, p. 2). We have seen that entrenchment potentially implies, on an ontogenetic time scale, compositional openness (section “Can Set S Be Extended by Assimilating Components From the Environment?”) and plasticity of biological organisation (“Is Topology T Ontogenetically Invariant?” and “Can Components Assimilated From the Environment Become Integrated in the Functional Organisation O and Perform a Function?”). Self-maintenance potentially occurs despite the continuous material, structural and functional ontogenetic changes partially caused by biotic entrenchment. How do we account for the preservation of the identity of the biological system under consideration? What is the measure of organisational invariance that can be used in order to individuate a system as that very system? The implicit answer to this question is provided by the analysis of the previous sections. We suggest that closure is a meta-property of biological individuals: rather than stressing the invariance of a specific aspect of biological organisation (i.e., a specific system of constraints), this interpretation acknowledges the plasticity of the system of constraints. Thus, we argue that what remains fixed during ontogeny is merely the circularity of the network’s operations rather than the physical nature of the components, or rather than the topology of the network of components’ interactions or even rather than the functional orchestration of the biological system. Closure thus specifically refers to the invariance and ontogenetic stability or conservation of the circular organisational pattern between the component parts of the orchestration. This pattern constancy grounds the numerical identity of the biological system.

Is our interpretation of closure in the light of entrenchment compatible with other closure of constraints interpretations? As far as we can see, we can identify two central claims of the closure of constraints interpretation. The first is that, given that the concept of constraint is relativised to particular temporal and spatial scales as well as to a specific processual context, “…closure is a multiscale causal regime…” (Montévil and Mossio, 2015, p. 187). The second is that any individual biological system, despite undergoing a variety of ontogenetic changes, maintains some form of closure of constraints that is realised in different variants by adding or suppressing specific constraints or sets of constraints. We interpret this point as meaning that the invariance of closure instantiated by an individual system is not characterisable in terms of a fixed and specific pattern of mutual dependence between a subset of specific and fixed constitutive constraints. As the example in section “Dependence Through Division of Metabolic Labour” shows, suppression of one constraint is not enough for loss of closure and identity. Equally, as the example in “Mutual Dependence Through Genomic, Metabolic, and Cellular Integration” shows, addition of constraints does not necessarily mean loss of closure of the individual partners, but rather poses a question concerning the possibility that the partnership or encompassing system realises some form of closure. It is for this reason that we suggest to interpret closure of constraints compatibly with our interpretation, as referring to a type of circular organisational pattern that remains constant, precisely the pattern of mutual dependence between a changeable subset of constraints. Indeed, Montévil and Mossio (2015, p. 190) seem to argue along similar lines: “…the invariance of closure takes place at a level of description which is higher than that at which each specific organisation (instantiated by an individual system) occurs” (Mossio et al., 2016) Thus, closure could be either seen as a meta-property realised by all biological individuals or as the circular organisational pattern between the component parts of the orchestration grounding the numerical identity of biological individuals, that is, as an invariant of biological organisation that, notwithstanding entrenchment, allows a possible solution to the problem of biological identity (as seemingly argued by DiFrisco and Mossio, 2019). Unlike an autopoiesis in the traditional sense of the term (i.e., strict self-production), autopoiesis in the light of entrenchment does not require the internal production of all the necessary components to maintain the circularity of processes and patterns that support the individual’s numerical identity, nor does it require the production of a set of specific elements or functions for the biological organisation to persist. What the individual requires is to maintain its circular organisation by exploiting any suitable environmental resource, which in a stable ecological context eventually might imply the internalisation of environmental elements. Whether such an interpretation of closure is sufficiently strong to ground biological individuality ascriptions is a chief challenge for autopoietic approaches.
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FOOTNOTES

1Physiological and evolutionary accounts are complementary and, sometimes, integrative. For instance, Queller and Strassmann (2016) characterise individuality as the achievement of functional adaptive coherence or “organismality,” a property of biological systems that is not categorical but continuous. Conversely, some physiological accounts take into account the evolutionary dimension of biological individuality, especially insofar as the origin of new organisations is concerned (Moreno and Mossio, 2015).

2Even though there exists some affinity between West-Eberhard’s concept and the concepts of generative entrenchment (Wimsatt, 1986) and developmental scaffold (Wimsatt and Griesemer, 2007), we shall focus solely on the first.

3Interestingly, in one of the rare references to autopoiesis in this literature, Gilbert et al. (2010, p. 673) suggest that, given “interspecies epigenesis,” the fertilised egg is a “symbiopoietic” rather than an autopoietic, self-creating, entity.

4Part of the biological literature focuses on the evolution of functional adaptive coherence and “organismality” (Pepper and Herron, 2008; Queller and Strassmann, 2016). Functional adaptive coherence can be characterised as the degree to which partners work together to function as a unit without conflict, as the capacity of becoming consolidated units of function on an evolutionarily time scale. Thus, partners’ dependency comes in degrees. In contrast, as we shall see, closure is a categorical property that is either realised or not. In this sense, a putative contrast between evolutionary and physiological accounts comes to the fore.

5For instance, a molecule of “…ATP is not a constraint for a reaction that uses its energy (it is consumed): however, it is a constraint for the transformation and transport of the energy of glycolysis (or another reaction) to a target reaction, since this process leaves ATP invariant.” (Montévil and Mossio, 2015, p. 184, note 18).

6We characterise a developmental event as a cause of a qualitative change to an individual organism. This characterisation draws inspiration from the analysis provided by Mahner and Bunge (1997, pp. 313–316). These authors reduce evolution to a series of developmental events of “ontological speciation”, a thesis that we reject because inheritance (for instance through reproduction) should be taken into account in order to understand evolutionary dynamics.

7Biotic entrenchment in the evolutionary sense is at the root of, for instance, the origin of life and eukaryogenesis: in both cases, an original biological system assimilates environmental elements available in the environment and gradually functionally integrates them within its organisation, eventually generating, on an evolutionary time-scale, a different biological individual.

8A comprehensive evolutionary account encompassing both unicellular and multicellular cases is that proposed by Queller and Strassmann (2016). This account – that we find particularly insightful – is tailored to understand how “… multi-species aggregates can be considered to be consolidated units of function, with very high cooperation and very low conflict amongst their parts.” (Queller and Strassmann, 2016, p. 859). Significantly, Queller and Strassmann argue that, even though multispecies partnerships are common in nature, the ontogenetic relationship between partners might be evolutionary transient, with the consequence that transitions in individuality might be scarce. Importantly, Queller and Strassmann think of the stability and durability of the partnership in compositional rather than merely functional terms and are sceptical that functional stability is enough for higher levels of organismality (Queller and Strassmann, 2016, p. 868). Given that biofilms, holobionts and, more generally, ecosystems are most often characterised by functional stability but compositional fluidity, they do not generally possess a high level of organismality.

9However, the question of when a developing organism becomes, during ontogeny, an autonomous individual might not be answered by invoking the general definition of development we endorse. We thank a reviewer for highlighting this point.

10The distinction between topology and functional organisation is analytic given that topology is an abstraction. In biochemistry, similar distinctions are used in order to discriminate the topology and architecture of a protein from its orchestration (i.e., the folded and functional protein). Component parts are both individual parts and structures composed of individual parts but smaller than O. So, if individual parts are amino acids and if O is a cell, a protein is a component part because it is a structure composed of amino acids that is smaller than the cell.

11If, on the other hand, a subset of token components is invariant ontogenetically (not subject to transformation), components closure would potentially provide an essentialist way of characterising the biological individual.

12Additionally, as one reviewer highlighted, many intracellular components are inherited. For instance, when cells divide, some functional ribosomes pass to the daughter cell. This example of material and non-genetic inheritance is an instance of trans-generational biotic entrenchment.

13Intriguingly, Cornish-Bowden et al. (2007) argue that the distinction between metabolites and enzymes is spurious because many metabolites are enzymes and because catalysis is not a fundamental property of life, ironically undermining the position defended in the article here mentioned (Cárdenas et al., 2010). There are two reasons for this. The first (Cornish-Bowden et al., 2007, p. 2402) is that catalytic enzymes are not necessary for chemical reactions: in the urea cycle, what is necessary is that the cycle of chemical reactions is “invariant”; no catalytic enzymes are necessary to regulate this cycle, even though without them the chemical reactions are much slower; thus, the urea cycle can be given an interpretation purely in terms of chemical transformations by avoiding reference to catalysis, capturing the essence of the process. The second reason (Cornish-Bowden et al., 2007, p. 2403) is that, from an evolutionary perspective, enzymatic catalysis is an acquired phenotype and that chemical reactions were likely performed by much simpler molecules than proteins.

14Of course, plastids, chromatophores and mitochondria are not “organisms,” even though, by assumption, they were. But the point here is that it would not be surprising to find cases of protein exchange in the opposite direction, from organelles to unicellular or multicellular organism.

15Some form of bias still permeates the closure of constraints literature. For instance, discussing the origin of functional differentiation characterising primitive biological systems, Moreno and Ruiz-Mirazo (2009, p. 596) argue: “…what is important to stress is the fact that these diverse constraints should mutually enable their continuous regeneration, in a way that it is possible to start saying that the self-maintaining system is endogenously producing—and reproducing—all of them. This is crucial not only for robustness, but also for the very emergence of a functional domain: by internally synthesising its own constraints the system becomes much more plastic; i.e., capable to perform a diversified modulation of its own self-maintaining dynamics.” Moreno and Ruiz-Mirazo seem to assume that the process of generation of a new functional component can only be strict self-production, whilst the obvious alternative is that it was assimilated from the environment.

16Again, we stress that this process of functional integration is ontogenetic in the sense that it must be caused by developmental events occurring to individual organisms. With this we do not deny that functional integration has an evolutionary dimension involving inheritance events (which are at the basis of the increasing gradual genomic, metabolic and cellular integration of partners), but just that it must also be developmental events that account for the fact that at some point in time a component assimilated from the environment becomes functionally integrated within the organisation of the partner.

17The only reason such univocal relationship persists is that Hs are ubiquitous in Ps natural environment. If Hs were not omnipresent, Ps would eventually re-acquire, through mutation or lateral gene transfer, the katG genes. Otherwise they would become extinct.

18Analogously, Villalobos and Razeto-Barry (2019) also reject the extended autopoietic interpretation by distinguishing embodied and embedded living beings. Translated to our case, Ps are the embodied organisms functionally integrating the ontogenetic resources produced by Hs; whilst their partnership is an embedded system that is clearly not organism-bound but that at the same time cannot be treated as an extended organism or individual; closure ascription to the embedded system is unwarranted in cases akin to that illustrated in “Dependence Through Division of Metabolic Labour.”

19The fact that plastids are not sufficiently organismal (hence not amenable to closure ascriptions) is irrelevant for the general point made at this juncture. What is important is that the encompassing system or partnership is amenable to closure ascription despite the lack of closure of one of the partners.

20One of the reviewers suggests that the relationship between Elysia chlorotica and plastids is analogous to the relation between a multicellular organism and its cells, which can be accounted for in terms of “nested closures” (Montévil and Mossio, 2015). According to this view, cells taken individually do not contribute as constraints to the maintenance of the multicellular system because, first, the individual cell’s effect on maintenance processes is negligible and, secondly, cells act as constraints only collectively. The upshot of this analysis is that there is a clear separation between the closure of the individual cells and the closure of the multicellular organism in such cases. But this interpretation of the relationship between Elysia chlorotica and the plurality of plastids assimilated by the slug is in our opinion problematic. First of all, it must be the case that individual plastids act as constraints by, for instance, transferring genomic or metabolic resources to Elysia chlorotica, exchanges without which the slug would not become a photosynthetic animal. Secondly, plastids do not seem to behave collectively but individually as constraints. It is because of the various exchanges of genomic and metabolic resources between Elysia chlorotica and the plurality of plastids that the partnership they constitute can be considered as an encompassing system for which closure ascriptions might be legitimate.

21A related foundational issue is whether, in the case of multi-species partnerships, closure is always maintained by either the partnership or partners despite the functional exchanges between the latter. This is the view defended by closure of constraints advocates: “…the claim according to which closure constitutes an ‘invariant’ of biological organisation technically means that a description of closure is possible for any interval long enough to describe a sufficient set of constraints and their mutual dependencies. In other words, given a minimum duration, closure is realised for any interval of equivalent duration chosen in the system’s lifetime.” (Montévil and Mossio, 2015, p. 190; see also Moreno and Mossio, 2015, p. 24). We reserve treatment of this complex issue for another article.
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Eusociality is broadly defined as: colonies consisting of overlapping generations, cooperative brood care, and a reproductive division of labor where sterile (or non-reproductive) workers help the reproductive members. Colonies of many complex eusocial insect species (e.g., ants, bees, termites) exhibit traits, at the collective level, that are more analogous to biological individuals rather than to groups. Indeed, due to this, colonies of the most complex species are typically a unit of selection, which has led many authors to once again apply the concept of the superorganism to eusocial insects. However, unlike Wheeler, who originally employed the concept from a physiological and evolutionary perspective, today the superorganism is typically understood only from an evolutionary perspective, using group selection. This is because of the widely held view that eusocial colonies are self-organized systems. According to this view, even the most complex eusocial systems can be explained by appealing to a set of local interactions between parts of an initially disordered system (i.e., self-organization), without the need of any hierarchical control. In this paper, we challenge the mainstream view that hierarchical control and regulation does not occur, or is not necessary, in complex eusocial colonies. Using a case study of honey bees (Apis mellifera), we develop an alternative to the self-organization approach that focuses on the hierarchical nature of the organization of complex eusocial systems—that we refer to as the hierarchical-organizational approach. In addition, we analyze how colonies of eusocial insects show a complex set of interactions between the different organisms that bring forth a new cohesive collective organization, and how in turn the constitutive entities of this collective organization are transformed in this process. This paper argues that an inter-identity (namely the superorganism) emerges at the collective level in complex eusocial colonies, such as honey bees, due to the hierarchically organized network of interactions within the colony.

Keywords: eusociality, self-organization, hierarchical regulation, inter-identity, superorganism


INTRODUCTION

Eusociality has been at the center of many debates in philosophy and biology for decades because it represents an extremely high form of social integration. It is characterized by colonial groups and broadly defined as: colonies consisting of overlapping generations, cooperative brood care, and a reproductive division of labor where sterile (or non-reproductive) workers help the reproductive members (Wilson and Hölldobler, 2005, p. 13367).

In evolutionary biology, eusociality is commonly seen to be a problem because it raises the issue of how non-reproducing organisms can evolve and persist. It is probably for this reason that, historically, the main focus on the question of eusociality has been on the evolution of eusocial systems, which has implications for various philosophical debates, such as biological altruism, cooperation versus conflict, levels of selection, units of selection, sociality, and more (Hamilton, 1964a,b; Wilson and Sober, 1989; Gadagkar, 1990; Maynard Smith and Szathmáry, 1995; Nowak et al., 2010; Abbot et al., 2011).

However, the maintenance and further evolution from simple to complex eusociality have recently gained more attention (Bourke, 1999; Anderson and McShea, 2001; Hou et al., 2010; Burchill and Moreau, 2016; Fewell and Harrison, 2016) for their implications in other important philosophical debates, such as that of biological individuality, evolution of complexity, self-organization, and more. In particular, the fact that eusocial systems show a high degree of integration raises debates about whether eusocial colonies can be considered as biological individuals in their own right rather than just groups.

In insects, where eusocial organization reaches the highest degree, complex colonies are large with a high degree of polymorphism (a worker caste that is morphologically different from the reproductive caste, as well as, possibly, polymorphism among the worker castes), the loss of reproductive potential and “totipotency” in the worker castes, and complex communication systems (Bourke, 1999; Anderson and McShea, 2001). These complex colonies are, therefore, broadly defined by colony size, degree of polymorphism, worker totipotency, and communication networks. Labeling a eusocial colony “complex” is not just based on arbitrarily chosen parameters, nor is it about just trivial differences among eusocial colonies. There is something objectively different about the intrinsic organization of the complex eusocial colonies compared to simple ones, which is due to the increasing complexity at the colony level1 and decreasing complexity at the level of each insect that constitutes the colony (Anderson and McShea, 2001). It has been shown that (as predicted by metabolic scaling theory for unitary organisms) the increase to a larger colony size (and therefore mass) causes lower mass-specific energy use in complex eusocial colonies (Hou et al., 2010; Fewell and Harrison, 2016). Moreover, polymorphism and the loss of worker reproductive potential are associated with large colonies only (Bourke, 1999; Anderson and McShea, 2001). Also, whereas in simple colonies, where the control of colony processes, such as foraging, reproductive division of labor, etc., is typically controlled (almost) solely by the queen, in complex colonies these factors are more distributed so that the overall control is at the level of the colony due to queen-worker and worker-worker interactions (Huang and Robinson, 1992, 1996; Robinson, 1992; Gordon, 1996; Pankiw et al., 1998a,b; Lillico-Ouachour and Abouheif, 2017).

Complex eusocial colonies are, therefore, qualitatively different to simple ones. But how can we explain these differences? It is commonly accepted that the development and maintenance of eusociality in the case of complex eusocial insects (i.e., ants, bees, wasps, and termites) are supported by a complex organization of chemical exchanges2. These special chemical substances—called pheromones—act as hormones, but outside the body of the secreting agent, modifying the physiological structure and the behavior of the neighboring members of the colony. Control over other substances could also be employed; for example, royal jelly secreted by honey bee workers, is important for controlling caste determination and the queen’s development.

But there is no agreement in how these chemical mechanisms operate. In fact, the most widely accepted view is that these complex collective patterns are the result of self-organization. According to this view, even the most complex eusocial systems can be explained by appealing to the feedback loops that emerge as a result of a set of local interactions between the parts of the colony, without the need of any hierarchical control (Detrain and Deneubourg, 2006; Hölldobler and Wilson, 2009).

In this paper, we shall argue that this claim cannot be presupposed and must be re-assessed theoretically and empirically. To do so we will provide an alternative, based on a case study, to the current explanations of complex eusociality using a perspective that focuses on the hierarchical nature of the organization of complex eusocial systems. In addition, we will analyze how colonies of eusocial insects show a complex set of interactions between the different organisms that bring forth a new cohesive collective organization, and how in turn the constitutive entities of this collective organization are transformed in this process.

The paper is organized as follows. In section “The Superorganism and Other Explanations of Complex Eusociality,” we will provide a brief historical review and state-of-the-art of explanatory approaches to complex eusociality. In section “The Superorganism,” we review the superorganism theory, highlighting that it was originally employed by Wheeler to argue that colonies are biological individuals in a fuller sense of the term, i.e., both evolutionary and physiological individuals. Whereas today, the concept is typically approached from an evolutionary perspective using multi-level selection and applied to colonies that are units of selection; i.e., denoting evolutionary individuals. The alternative approach—which we will call organizational—is today formulated in terms of shallow self-organization. This view holds that colony organization in eusocial insects can be explained in terms of units that interact locally and as a result a global and complex order emerges. Thus, we end this section by reviewing this mainstream approach to explanation of the ontogenetic and physiological aspects of colony organization that we refer to as the self-organization (SO) approach. Then, in section “Honey Bees (Apis mellifera): A Case Study of Two Colony Processes,” we will outline our case study of two colony processes in honey bees (Apis mellifera). In section “The Hierarchical Organization of Complex Eusocial Colonies,” we will challenge the mainstream view that hierarchical regulation does not occur in the large colonies of complex eusocial insects by developing a different organizational approach, that we will refer to as the hierarchical-organizational approach, focusing on the hierarchical organization within complex eusocial colonies as the locus of explanation3. Using the case study from section “Honey Bees (Apis mellifera): A Case Study of Two Colony Processes,” we will argue that this highly integrated eusocial system is based on a mechanism of regulatory control exerted over the basic level of self-organization processes. Finally, we will compare this example with similar colony processes in other species, showing the key explanatory role played by this hierarchical organization.



THE SUPERORGANISM AND OTHER EXPLANATIONS OF COMPLEX EUSOCIALITY

In this section, we will give a brief historical review and current state-of-the-art of explanatory approaches to complex eusocial insects.


The Superorganism

Due to the uniqueness of their organization, eusocial insect colonies have long been thought of as a form of biological individual (Wheeler, 1911, 1928; Emerson, 1939, p. 181). Wheeler (1911) considered eusocial colonies as biological individuals because they act as a cohesive unit; they are individuated and persist over time (once colonies are formed they do not dissolve or merge with other colonies); they undergo development (as opposed to being formed by the aggregation of a group of solitary insects); and most importantly, because of the reproductive division of labor, colonies of some species are the reproducing unit. This led Wheeler (1920, p. 117, 1928, pp. 23–24, 304–305) to apply the concept of the “superorganism” to eusocial insect colonies. Emerson (1939), inspired by the earlier work of Wheeler, also applied the superorganism concept to eusociality. However, for Emerson (1952), the superorganism concept was primarily a tool for analogical reasoning. He argued that focusing on the analogies (and dissimilarities) between eusocial colonies and organisms can guide eusociality researchers to discover the processes and integrating mechanisms that enable the emergence of biological individuality at the level of the colony. Around the 1960s, there was an increasing preference among eusociality researchers for more reductive approaches, due to the gene-centered perspective of the Modern Synthesis (Wilson, 1971). As a result of Emerson’s analogical notion of the concept, and the preference for more reductive approaches such as kin selection, the superorganism saw a radical decline after the 1960s (Wilson, 1971; Wilson and Sober, 1989).

Wilson and Sober (1989) argued for a revival of the superorganism concept, but based on an evolutionary notion of biological individuality4. For Wilson and Sober, the defining feature of organisms, and thus superorganisms, is the ability to directly partake in natural selection. Or in other words, what separates organisms from other biological systems/groups is that they are units of selection: “Individuals acquire the exquisite functional organization that justifies their status as organisms by the process of natural selection” (Wilson and Sober, 1989, p. 339). Wilson and Sober argued that eusocial colonies, as well as other groups of organisms, also exhibit functional organization, and thus should be considered as higher level organisms (superorganisms).

In order to extend their definition of organism to eusocial colonies, Wilson and Sober (1989) relied on the notion of multi-level selection. Multi-level selection (MLS) theory argues that selection can operate at multiple levels simultaneously, i.e., at the levels of the gene, cell, multicellular organism, group, population, etc. MLS can be used to track the effects of group-living on individual fitness (MLS1) or, importantly, to argue for group selection (MLS2) (Damuth and Heisler, 1988). By focusing on the ratio of within-group and between-group selection, authors can determine if selection primarily acts at the individual level (MLS1) or at the group level (MLS2) for a specific (group-structured) population (Hölldobler and Wilson, 2009; Hamilton and Fewell, 2013). Indeed, Wilson and Sober argued that eusocial colonies can be considered as superorganisms if they achieve a high degree of internal cooperation (functional organization) such that between-colony selection is greater than within-colony selection. Or in other words, if colonies qualify as units of selection, then they are superorganisms.

Although the superorganism theory went through a sharp decline for almost two decades, it is once again at the forefront of eusociality research. Today, authors use MLS to show that, for many eusocial insect species, colonies are the unit of selection, i.e., evolutionary individuals (Hölldobler and Wilson, 2009; Queller and Strassmann, 2009; Okasha, 2014; Helanterä, 2016). However, while the evolutionary aspects of eusocial insect colonies are important (e.g., the transition from the selection of reproductives to the selection of colonies) the physiological/ontogenetic aspects are equally important. For example, the relations and interactions between the members of the colony are important to understand the proximate causes for the functional integration that enables colony selection (see Arnellos et al., 2014, for an analogous argument for multicellular individuality). “The challenge is to understand the complex mechanisms that enable a colony to function as a single organism, exactly as imagined by Wheeler so long ago” (Wilson and Wilson, 2007, p. 342, emphasis in original).

Despite this, the superorganism is rarely approached from a physiological perspective today, as it was originally done so by Wheeler. This is because of the mainstream view that hierarchical regulation does not occur, or indeed is not necessary, in the large colonies of the more complex eusocial species (Boomsma and Franks, 2006). Arguments are made along the following lines, “[…] their colony as a whole lacks command and control by a still higher-level system. It therefore must be self-organized” (Hölldobler and Wilson, 2009, p. 58). In other words, because colonies lack physical contiguity and any type of organ or nervous system at the collective level (i.e., colony level), such as in multicellular organisms, it is argued that top-down hierarchical control does not occur. Consequently, current explanatory approaches that focus on the physiological and proximate causes for colony cohesiveness (i.e., the actual organization) are centered around the concept of self-organization—which we will refer to as the self-organization (SO) approach—(Boomsma and Franks, 2006; Detrain and Deneubourg, 2006; Fewell et al., 2009). Consequently, even colonies of the most complex eusocial species (with polymorphic castes, complex division of labor, colony selection, etc.) are typically conceived of as self-organized groups.



The Self-Organization Approach

In the SO approach the concept of self-organization, developed in thermodynamics to explain spontaneous macroscopic patterns emerging in physical and chemical systems from the interactions of their microscopic parts, is applied to eusocial insect colonies5 in an attempt to explain colony organization. This approach began around the 1980/90s and was developed by Bonabeau, Deneubourg, Theraulaz, and Franks, among others (Bonabeau et al., 1997; Boomsma and Franks, 2006; Detrain and Deneubourg, 2006; Fewell et al., 2009). The main tenet of SO theories is that complex colony level phenomena can occur in eusocial insect colonies without a hierarchical organization and control, instead they are the result of a flat network of locally distributed interactions among the parts (in this case the individual insects).

In the context of eusocial systems, self-organization is defined as positive and negative feedback loops resulting from multiple interactions between the insects, and the amplification of random fluctuations in those interactions (for more details, see Bonabeau et al., 1997). For example, in the ant genus Pheidole, it has been shown that in some species the colony can respond to substandard caste ratios via feedback loops, reverting caste ratios to optimum levels over a few worker generations (Lillico-Ouachour and Abouheif, 2017). If the ratio of minor workers to soldiers is too skewed in favor of soldiers, the increased number of soldiers will inhibit further soldier development in the larvae via a negative feedback loop. The soldiers give off a pheromone that inhibits larvae developing into soldiers; therefore, if soldiers are present then more larvae will develop into workers than soldiers, or conversely, if there are too few soldiers, then this will increase soldier development in larvae due to the removal of the inhibitory effect of the soldier’s pheromone. Thus, through the soldier’s pheromone negative feedback loop, the minor worker-to-soldier ratio is maintained at an optimum level for the colony.

Since the “elementary” units that make up complex eusocial insect colonies are complex agents, in this context, self-organization is sometimes combined with the concept of stigmergy and referred to as stigmergic self-organization (Bonabeau et al., 1997; Holland and Melhuish, 1999). It has been shown that through very simple behavioral rules (or interpretative decision making), complex colony level processes can occur via self-organization. For example, Holland and Melhuish (1999) found that robots programmed with a few simple response rules could sort two distinct types of frisbee in a given space, and put one type into a cluster. The robots achieved this by responding differently to different stimuli, for example; all frisbees that are not in contact with another frisbee are picked up, if the robots encountered ringed frisbees that were in contact with any other frisbee, then they cannot pick them up and move them, but the plain type of frisbee is always picked up and moved when encountered. After several hours, this results in a cluster containing mainly ringed frisbee. The process of clustering different types of objects occurs in certain eusocial colonies, for example brood sorting in some ant species (Holland and Melhuish, 1999).

Another particularly interesting approach under the general SO approach is that of the so-called “response threshold theory” (Robinson, 1992; Page and Erber, 2002). The response threshold theory suggests that some individuals will have lower response thresholds for some tasks, say pollen foraging, and will react first to any stimulus for this behavior (reduced pollen stores). As they undertake this behavior, the stimulus is reduced and those individuals with a higher threshold for this behavior do not respond, thus only a subset of the group typically responds. At the same time, those that did not respond to pollen foraging may have lower response thresholds for other tasks, like water foraging, and so on. So, the response threshold theory predicts that division of labor will occur within groups due to the natural variation in stimulus thresholds of the individuals, which has also been experimentally verified (Page and Erber, 2002). Applied to complex eusociality, this theory suggests that response thresholds may be correlated with physiological or temporal castes and, thus, division of labor in complex eusociality is an example of natural selection stabilizing patterns of variation in response thresholds (Robinson, 1992; Page and Erber, 2002; Schulz et al., 2002). In other words, the response threshold theory provides a good explanation of how certain variation among the parts leads to the propensity for self-organization in groups, i.e., general division of labor.

As above, in the SO approach, the colony level phenomena are explained as being just the result of local interactions that together bring forth a global order among the insects. Hence, this global order is not due to any top-down control, but spontaneously emerges from the local interactions of the agents (Boomsma and Franks, 2006; Detrain and Deneubourg, 2006). Therefore, the mainstream view is that hierarchical control and regulation does not occur in complex eusocial colonies.

In the next sections, we will argue that this mainstream view is unjustified, and that research into hierarchical regulation in the complex species should not be neglected, as has been the case under the SO approach. We develop an alternative organizational approach (the hierarchical-organizational approach) that assesses if there is hierarchical organization within complex colonies, which “modulates” (i.e., regulates and controls on) the self-organized dynamics within the colony system; i.e., this approach will be able to assess if colony organization is the result of self-organization only or also and mainly due to hierarchical regulation and control. Consequently, this approach would be better suited to assess the issue of whether complex eusocial insect colonies should be considered biological individuals or not. This is because, if there are colonies with hierarchical organization, then an argument can be made that the colony is in “control” rather than the insects that instantiate it, i.e., the colony organization is not solely the result of self-organization but a higher level organization that exerts top-down control on its parts.




HONEY BEES (APIS MELLIFERA): A CASE STUDY OF TWO COLONY PROCESSES

Honey bees (Apis mellifera) are a well-studied complex eusocial species; they have large colonies, typically tens of thousands of bees (Smith et al., 2016), with polymorphism between the reproductive and worker castes (Lyko et al., 2010), and workers that have low reproductive potential (Maisonnasse et al., 2010b; Ronai et al., 2015). Here we will explore in detail two examples of colony level processes that are essential to colony development and maintenance: temporal polyethism/worker castes and queen/worker production. However, these are just a sample of the total set of processes that occur at the colony level, we only focus on these particular two due to restrictions of space in this article.


Temporal Polyethism and Worker Castes

As with all other eusocial species, honey bees exhibit a reproductive division of labor (Lyko et al., 2010; Ronai et al., 2015); the queen is the only reproductive member and workers are not reproductively active. Additionally, A. mellifera also exhibit a further division of labor among the workers (Johnson, 2008); workers undergo a temporal polyethism schedule and, consequently, within colonies there are temporal worker castes. The worker castes of A. mellifera are the following:

1. Nurses: specialize in feeding and attending the brood, as well as feeding the queen and other members of the colony. They have low juvenile hormone (JH) and high vitellogenin (Vg) levels, and large hypopharyngeal glands that are used to produce jelly to feed other colony members;

2. Nest workers: specialize in other intranidal (inside the nest) tasks, such as comb construction and maintenance, ventilation, receiving nectar and processing it into honey, storing honey and pollen, and more. They have increasing JH and decreasing Vg levels, and medium-sized hypopharyngeal glands that start producing enzymes for processing nectar into honey instead of producing jelly;

3. Foragers: specialize in extranidal (outside the nest) tasks, such as foraging for nectar, pollen, and water. They have the highest JH levels and lowest Vg levels, and small inactive hypopharyngeal glands (Seeley, 1982; Johnson, 2008).

Adult worker bees transition through the different castes as they age. Typically, during the active months (spring to autumn) of honey bee colonies, the temporal polyethism schedule is the following: workers are nurses from around 2–11 days old, nest workers 11–18 days old, and foragers around 18+ days old (Johnson, 2008).

Levels of JH and the glycolipoprotein Vg, which are biosynthesized by each bee, have been shown to play integral roles in the temporal polyethism schedule among the worker bees (Amdam and Omholt, 2003; Hölldobler and Wilson, 2009). JH biosynthesis in workers causes further physiological development, inducing the change from intranidal to extranidal workers, and Vg biosynthesis has the reverse effect, inhibiting the physiological development of workers (Nelson et al., 2007). Increasing JH levels causes the hypopharyngeal glands to start producing enzymes for nectar processing instead of being able to produce jelly for brood food or royal jelly (a process which relies on Vg); it also causes the further development of flight muscles, and causes an increase in the biosynthesis of biogenic amines. Additionally, Vg has been shown to influence foraging preference (pollen/nectar) and even the lifespan of workers (Amdam and Omholt, 2003; Nelson et al., 2007).

In addition to the internal elements JH and Vg, signals from the queen, brood, and the forager caste also affect the temporal polyethism schedule in each worker, and therefore also the ratio of workers within each caste (Figure 1). Firstly, the queen has an inhibitory effect on JH biosynthesis in workers via her pheromone mix (QPM)6. It has been demonstrated that, in the presence of QPM, workers have significantly delayed JH biosynthesis compared to those not exposed to QPM (Kaatz et al., 1992; Pankiw et al., 1998a). Secondly, the brood releases signals that affect the polyethism schedule of workers. Young brood emits E-β-ocimene—a volatile pheromone that is transmitted into the nest aerially—that appears to target nest workers and causes increased development in them so that they transition to foragers sooner, probably by increasing JH biosynthesis. However, older brood emits brood ester pheromone, which is transmitted on contact, that targets nurses, delaying their development most likely by inhibiting the biosynthesis of JH (Maisonnasse et al., 2010b). Finally, the forager caste releases a signal that affects the temporal polyethism schedule of younger workers. Foragers produce ethyl oleate7 that gets transmitted via trophallaxis when foragers pass their nectar loads to nest workers, who deposit nectar in the comb. It has been demonstrated that ethyl oleate inhibits the nest workers from transitioning into the forager caste by slowing down their development (Leoncini et al., 2004).
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FIGURE 1. Temporal polyethism. Worker bees, in A. mellifera, transition between the temporal worker castes, orange circles, as internal levels of juvenile hormone (JH) increase, represented as JH+. JH biosynthesis is affected by external factors, including inter-member signals: QPM, brood ester, E-β-ocimene, and ethyl oleate. QPM, brood ester, and ethyl oleate inhibit JH biosynthesis, flat-ended lines, and E-β-ocimene promotes JH biosynthesis, circle-ended line. The inter-member signals allow the ratio of the temporal worker castes to be controlled at the colony level, see text for more details. The timeline represents the typical age of workers in each caste in the active summer period.




Queen/Worker Production (Reproductive Caste Determination)

In A. mellifera, reproductive/worker caste determination is not genetically predetermined, i.e., any fertilized egg can be used to produce a queen or a worker (Wang et al., 2015). There are, consequently, signals and mechanisms present in the brood stage that determine the development of a particular larva into either a queen or worker (Figure 2). Queen-brood require large vertically-protruding comb cells, which are produced by nest workers. This is because in the larval and pupal stages, queen-brood are much larger than worker-brood, and so the increased volume of the larger comb cells is essential for their proper growth (Wang et al., 2015).
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FIGURE 2. Queen/worker production. Any fertilized egg can develop into a queen or worker in A. mellifera. The type of comb cell, orange squares, and diet, blue squares, determine the development of larvae. Large queen cells and royal jelly cause larvae from fertilized eggs to develop into queens, whereas small comb cells and brood food cause equivalent larvae to develop into workers. Royal jelly induces an epigenetic change within the larvae. The size of the comb cell constrains larval growth. See text for more details.


However, it is not only the size of the comb cell that determines the development of fertilized eggs into queens or workers, the type of diet that the brood receives in the larval stages is also an important factor. Nurse workers will begin feeding the larvae as soon as they hatch (eggs hatch after 3 days); worker-larvae receive “brood food”—which is a mixture of jelly, honey, and pollen—while queen-larvae receive a specialized diet of royal jelly and pollen (Beetsma, 1979; Wang et al., 2015). This is significant because it has been experimentally shown that newly hatched larvae (from fertilized eggs) that are fed a diet exclusively of royal jelly during the larval stage will develop into queens, whereas larvae fed with brood food will develop into workers (Page and Peng, 2001; Wang et al., 2015). Lyko et al. (2010) found that it is not just the higher nutritional value of the royal jelly that affects the larvae development. As well as accelerating metabolism and increasing growth, elements of the royal jelly (most likely phenyl butyrate) affect DNA methylation in the developing larvae by silencing DNA methyltransferase 3. Royal jelly, therefore, induces an epigenetic change in the developing larvae.




THE HIERARCHICAL ORGANIZATION OF COMPLEX EUSOCIAL COLONIES

We will now highlight the key organizational aspects for the regulation of the two colony level developmental processes—temporal polyethism/worker castes and queen/worker production—described above for A. mellifera, and compare them, when applicable, to equivalent processes in V. vulgaris and the ants Pheidole. We do this in order to emphasize that there are key organizational differences between colonies of different eusocial insect species. We will then argue that in at least some complex eusocial insect species, like A. mellifera and possibly more, colonies exhibit a form of hierarchical organization, which exerts a top-down control on the development of its members. In both examples, inter-member signals are crucial for the colony level process, which we have summarized in Tables 1, 2. We start by discussing temporal polyethism.



TABLE 1. Temporal polyethism and caste ratio control in A. mellifera.
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TABLE 2. Queen/worker production in A. mellifera.
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Regulating Temporal Polyethism and Worker Castes

It has been suggested that JH and Vg form a regulatory network within each worker bee since they mutually inhibit one another (Amdam and Omholt, 2003). Typically, levels of Vg are high after first eclosion and naturally decrease with age. High levels of Vg delay the biosynthesis of JH in young adult workers. As Vg decreases, the increasing JH levels inhibit further Vg expression (Nelson et al., 2007). Their mutual inhibition and purely intra-organismal action render JH and Vg dynamically coupled to the internal development system of each worker bee. It is in this sense that they are considered to act as first-order signals on the temporal polyethism schedule within each worker, and by extension on colony development also.

Added to this, the inter-member signal ethyl oleate from the forager caste can also be considered as the same type of signal. This is because the inhibitory effect of ethyl oleate on the nest worker caste is due to a straightforward negative feedback loop, i.e., the presence of foragers inhibits the development of nest workers into the forager caste, but the absence of foragers allows nest workers to develop into foragers. Moreover, workers only begin to produce ethyl oleate at significant enough levels to act as a signal when they reach the forager caste (Leoncini et al., 2004). Thus, the operation of ethyl oleate on this developmental process is tightly coupled to the internal constraints of the individual workers, i.e., there must be older workers (foragers) present in order for ethyl oleate to act as an inhibitory signal on younger workers’ (nest workers) development.

However, the inter-member signals QPM, brood ester, and E-β-ocimene seem to act as different types of constraints on the temporal polyethism schedule. This is mainly because, based on the operation of these signals, they can be considered as dynamically decoupled from the systems that they modulate, i.e., the internal developmental systems of individual workers. All these signals affect the temporal polyethism schedule of workers—QPM and brood ester slow worker development, and E-β-ocimene induces worker development. And although these signals work in concert with the internal developmental systems of the workers, they operate at different timescales than the internal signals of JH and Vg. For instance, the queen is, typically, a constant presence in the colony and therefore the presence of QPM and its influence on the temporal polyethism schedule of the workers are not reliant on a change in concentration of the workers and/or on a direct feedback loop, as is the case with forager-derived ethyl oleate. The same is true of brood ester and E-β-ocimene, since they derive from the brood, which are not a part of the temporal polyethism or the worker castes.

The presence of such second-order signals (QPM, brood ester, and E-β-ocimene) on the temporal polyethism of the workers allows for the hierarchical control of the worker caste ratio. This is because the control of the ratio of workers within each caste is not solely reliant on the self-organization of the workers themselves; i.e., it is not solely reliant on a signal (ethyl oleate) from the foragers inhibiting the development of nest workers via a negative feedback loop. Instead, additional to the self-organization dynamics of the workers, there are different types of signals (QPM, brood ester, and E-β-ocimene) that modulate the development and temporal polyethism schedule within each worker (Table 1). In other words, the control and regulation of the ratio of workers within each caste is not dependent on a change in concentration of the workers themselves (i.e., the growth of new workers) but instead on second-order signals that can modulate the existing workers. For example, when a colony reproduces via swarming, the queen and a large proportion of the workers, from all castes (i.e., of different ages), will leave the old nest in order to establish a new nest site (Smith et al., 2016). However, since it takes at least 3 weeks for the colony to produce new workers after it establishes a new nest, the current worker population will be predominately formed of older workers, i.e., the majority of the workers will be older than is typical for the nurse caste (Robinson et al., 1989; Smith et al., 2016). It has been shown that old workers (even those that have been foragers) can revert back to the nurse caste, with these “reverted” nurses even having low JH levels and regenerated hypopharyngeal glands in order to feed the brood (Robinson, 1992). This could be due to the presence of second-order signals. More specifically, older workers can revert to the nurse caste due to QPM and brood ester inhibiting JH biosynthesis, and consequently allowing Vg biosynthesis and the reactivation of the hypopharyngeal glands. Additionally, E-β-ocimene would counteract this by promoting JH biosynthesis to ensure that not too many workers revert to nurses and, thus, ensuring an equal balance between the worker castes. Thus, the plasticity of the temporal polyethism is controlled by the second-order signals that act on the internal development systems of the workers, consequently allowing the whole colony to regulate the ratio of workers in each caste.

But this is not the case for all eusocial insect species. For example, in Pheidole ants, soldier/minor worker caste determination does not appear to involve second-order signals. Pheidole ants do not exhibit temporal castes but many exhibit physical worker castes, typically minor worker and soldier castes (Lillico-Ouachour and Abouheif, 2017). As discussed above, soldier pheromones from adult soldiers present in the colony inhibit worker-larvae from developing into soldiers. However, we suggest that, similar to the operation of the ethyl oleate in A. mellifera, the inhibitory effect of the soldier pheromone is also dependent on a change in the concentration of the soldiers themselves; hence, its action on worker-larvae development is dynamically coupled to worker-larvae development; i.e., the activation of the inhibitory effect of the soldier pheromone relies on the growth of new soldiers. Thus, the soldier pheromone can be considered as a first-order signal on soldier/minor worker caste determination. The soldier pheromone does allow for the ratio of the morphological worker castes (soldiers and minor workers) to be controlled collectively in Pheidole. But this type of collective control is localized in the soldier caste themselves via the negative feedback effect of the soldier pheromone.



Regulating Reproductive/Worker Caste Determination

Control of the temporal polyethism schedule of workers is important for A. mellifera colonies because the presence of worker castes allows for further second-order signals. This is clear in the case of caste determination. As we have shown above, the development of a female into either a queen or worker is determined in the larval stages by two factors: the type of comb cell and type of diet. These factors derive from the worker castes; the comb is built by the nest worker caste and larvae are fed by the nurse caste. Importantly, because the worker castes are continually maintained by the colony (via second-order signals—see above), the nurse and nest worker castes can produce their respective signals on caste determination within larvae when required. In other words, the production of these signals is not reliant on a feedback mechanism or change in concentration of the workers, instead they can be produced by the (perennial) nurse and nest worker castes when required by the colony. Specifically, the nest worker caste will produce worker cells when the colony requires workers or produce queen cells when the colony requires queens (either in the reproductive stage or to replace the old queen). The nurse caste feeds all larvae present in the colony, they feed brood food to larvae in worker cells and royal jelly to larvae in queen cells. It can thus be argued that the nurse and nest worker castes are dynamically decoupled from the process of caste determination. In other words, the nurse and nest worker castes operate at a different timescale to the systems that they modulate, i.e., the internal developmental systems of the larvae. Therefore, the type of cell and type of diet can be considered as second-order signals on queen/worker caste determination (Table 2). This enables caste determination to be hierarchically controlled at the collective level, rather than being regulated locally via self-organization. To further illustrate this point, it will be useful to briefly compare this to a case of caste determination in another species, namely the common wasp (Vespula vulgaris).

Things are different in the queen production process in the common wasp (V. vulgaris), a species which can be considered at the center of the eusociality complexity spectrum (Bourke, 1999). In wasp colonies, there are no worker castes but there is a form of polymorphism between the queen and workers; queens are larger than workers (Potter, 1964; Jeanne, 1980). Similar to A. mellifera, any fertilized egg can develop into a queen or worker in V. vulgaris. Thus again, there are mechanisms in the brood stage that determine the development of larvae from fertilized eggs, namely, the size of the comb cell and the amount of nutrition. Increased nutrition causes queen-larvae to grow larger than worker-larvae, which is necessary for the production of queens, and the larger comb cells allow space for this increased growth (Archer, 1972). The comb is constructed, via stigmergic self-organization, by all workers—due to the lack of worker castes—but the production of large reproductive-comb is determined by a change to the inter-member signal QPM. The QPM of older queens induces the production of reproductive-comb by the workers (for more details, see Potter, 1964). There is no specialized diet for queen-larvae in V. vulgaris, but the frequency and quantity of food differ between different layers of the comb. Broods in comb cells that are closer to the nest entrance are fed first and most frequently by returning foragers (Archer, 1972). Reproductive-comb are the last comb layers to be produced by the colony (in the reproductive stage with mature queens) and they are the closest to the nest entrance (Potter, 1964). Moreover, nutrition levels naturally increase as the colony matures (Archer, 1972). As a colony increases in size, there are more workers present that can forage for food, and the resultant increase in foraging causes worker-brood to grow larger. Consequently, the colony also produces larger workers as it matures, which live longer and can collect more food when foraging compared to smaller workers (Richards, 1971; Archer, 1972). Therefore, queen-larvae receive more food compared to worker-larvae and grow larger due to the large comb cells.

The increased nutrition that V. vulgaris queen-larvae receive is ultimately reliant on self-organization—the presence of larger workers in the mature stages of the colony has a positive feedback effect on colony nutrition levels. However, the large comb cells required by queen-larvae are determined by a second-order signal (QPM) but in the separate earlier process of comb construction. There are, therefore, second-order signals involved in queen production in V. vulgaris but to a lesser degree than in A. mellifera. It can be argued that in V. vulgaris, queen production is practically determined by the queen—the state of the QPM determines the production of reproductive-comb, and, even though nutrition levels increase due to self-organization, worker foraging is induced by the presence of the queen (Potter, 1964, p. 50).

Instead, in A. mellifera the production of queens is determined by the higher order collective organization. Royal jelly, which causes an epigenetic change in queen-larvae, acts as a second-order signal; it is independent of the internal development systems of the developing larvae that it modulates. Also, this second-order signal derives from the nurse temporal caste (rather than from the queen). Moreover, the production of reproductive-comb is not dependent on the QPM in the same way as it is in V. vulgaris. In V. vulgaris, comb construction ceases in queenless colonies (Potter, 1964), whereas in A. mellifera the nest workers will still construct comb, in this case particularly reproductive-comb, if the queen dies (Maisonnasse et al., 2010a). Thus, in A. mellifera, there are second-order signals that are essential to the process of queen production, but they derive not only from the queen but also from the temporal worker castes. In other words, queen production is also modulated by other parts/sections of the colony (nurses and nest workers) that are dynamically independent from the process of reproductive caste determination. Therefore, the development of fertilized eggs into either workers or queens in honey bees is determined much more globally than in the case of V. vulgaris, i.e., at the level of the whole colony.

In can be argued, consequently, that in A. mellifera, the network of interactions forms a complex higher order organization that is dynamically decoupled from the operation of the lower level parts (the bees) and which determines (or is in “control” of) the development of the colony. Whereas in other, less complex species, such as V. vulgaris, the higher order organization is more basic and coupled to the operation of the lower level parts, specifically the queen.




CONCLUSIONS

Colonies of many complex eusocial insect species exhibit traits, at the collective level, that are more analogous to biological individuals rather than to groups (Anderson and McShea, 2001; Hölldobler and Wilson, 2009). For example, the mass-specific energy use in the large colonies of complex species is similar to that of individual organisms (Hou et al., 2010). Moreover, polymorphic and behavioral worker castes, which enable more complex division of labor, only occur in colonies of the more complex species (Bourke, 1999). Indeed, due to this, colonies of the most complex species are typically the unit of selection, which has led many authors to once again apply the concept of the superorganism to eusocial insects (Hölldobler and Wilson, 2009; Haber, 2013). However, unlike Wheeler (1928), who employed the concept from a physiological and evolutionary perspective, today the superorganism is typically understood only from an evolutionary perspective, using MLS. This is because of the mainstream view that hierarchical control does not occur in the large colonies of complex eusocial insects, which led to the prevalence of the SO approach. While the SO approach has been very insightful in the recent decades, particularly with regard to the explanation of many collective phenomena in eusocial insects, we have argued that this approach may not be fully adequate for all species. This is because hierarchical organization can occur in the more complex species.

Thus, in this paper we challenged the idea that hierarchical regulation does not occur, or is not necessary, in the large colonies of complex eusocial insect species. We did so by developing the hierarchical-organizational approach, using the case study of A. mellifera. From the assessment of the colony processes, discussed in section “The Hierarchical Organization of Complex Eusocial Colonies,” we argued that colonies of A. mellifera are not solely the result of self-organization, but instead exhibit a hierarchical organization.

In A. mellifera, not only is there a physiological specialization for reproduction (the queen) and “metabolism” (worker castes), there is also a structured division of labor among the worker castes, based on the temporal polyethism, which is characterized by physiological and behavioral differences among each caste. For example, the state of the hypopharyngeal glands differs in each temporal caste; nurses have the largest hypopharyngeal glands that they use to produce jelly for inter-member feeding, nest workers have mid-sized glands that they use to process nectar into honey, and foragers have the smallest glands that are inactive. We argued that the temporal polyethism schedule within each worker is regulated hierarchically at the colony level via second-order signals (Table 1). Substances from the queen (QPM) and the brood (brood ester and E-β-ocimene) act as second-order signals on the internal developmental system of the workers (i.e., JH and Vg biosynthesis) allowing the ratio of workers in each caste to be hierarchically regulated at the colony level.

Conversely, the temporal worker castes allow for a more complex network of inter-member signals, which is made clear in the process of queen production. Any fertilized egg can develop into a queen or a worker; thus, in order for the colony to produce queens, there are mechanisms in the larval stage that affect reproductive caste determination. Specifically, the nurse worker temporal caste produces royal jelly (from their hypopharyngeal glands) that causes an epigenetic change in the developing larvae, causing them to switch to the queen developmental program. The nest worker temporal caste produces queen cells on the comb in order to allow for the increased growth of queen-larvae. As above, the temporal castes are regulated at the colony level; therefore, typically the nurse and nest worker castes are always present in the colony, enabling them to provide royal jelly and to produce queen cells when required. For this reason, royal jelly and queen cells can be considered as second-order signals on the process of queen production, and conversely, brood food and worker-comb cells can be considered as second-order signals on the process of worker production (Table 2).

In general, the network of inter-member signals in A. mellifera results in a much more robust higher order organization compared to colonies of more simple species such as V. vulgaris. This is even more evident in the case of the death of the queen. In V. vulgaris, colony cohesion rapidly breaks down when the queen dies; workers begin ovipositing (but brood rarely emerge due to multiple eggs being laid in a single comb cell), foraging almost ceases, and cannibalism emerges (Potter, 1964, pp. 50, 62–63). This is because the higher order organization in V. vulgaris is completely reliant on the queen; the few second-order signals that affect development and colony cohesiveness derive from the queen. However, in A. mellifera, the higher order organization is more resistant to perturbations. If the queen dies, the colony will attempt to replace her. If there is brood present in the nest, nest workers will adapt the comb cells of suitable larvae (from fertilized eggs) into queen cells, nurse workers will then feed these larvae exclusively with royal jelly and pollen, while the foragers continue to forage due to signals from the brood (Pankiw et al., 1998b; Maisonnasse et al., 2010b). During this time the colony remains generally cohesive, due to the complex network of second-order signals that is not solely reliant on the queen.

What do all of these conclusions show? As we have seen, in the case of a eusocial insect species like A. mellifera, the colony presents such a high degree of integration that it shows a certain form of individuality. Due to the complex structure of the network of inter-member signals, the colony as a whole emerges as a cohesive organization exerting a set of regulatory controls on the individual bees forming the colony. As a result of these higher level controls, the colony behaves as a reproductive unity, and, in a certain degree, as a physiological and developmental unity.

All this shows a very interesting example of inter-identity, in the sense that it is through the interactions between the different identities of the lower level agents that a new, higher level identity emerges (for a relevant analysis regarding the emergence of multicellular identity in general, see Arnellos, 2018). Interestingly, the identities of the lower level agents, in turn, are affected by the emergent higher level organization insofar as they cannot survive outside the colony. In sum, our case study shows how the conjunction of a set of heterogenous constituent entities forms a complex organization, endowed with its own new identity.
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FOOTNOTES

1“Colony level” refers to phenomena or processes at the collective level.

2This is not to say, of course, that other strategies could not also be used. For example, in the smaller colonies of simpler eusocial species, queen dominance is established and maintained soon after colony formation by physical aggression (Johnson and Linksvayer, 2010).

3Our approach is generally based on the autonomous perspective in biology and in particular on the organizational approach, principles, and characteristics of multicellular systems and agents (see Arnellos et al., 2014; Moreno and Mossio, 2015). For a more general argument of the role of hierarchical regulation and control for understanding the constitution of composite (and integrated) organisms, see Bich et al. (2016) and Arnellos and Moreno (2016).

4For a more generalized view of evolutionary and physiological notions of biological individuality, as well as an overview of recent debates on the topic, see Pradeu (2016).

5The concept of self-organization is also applied to other biological and social phenomena. However, here we are just focusing on the SO approach in the context of eusociality (Detrain and Deneubourg, 2006).

6We use the term “queen pheromone mix” as it has been shown that queens produce pheromones from multiple sources—not only their mandibular glands—that act as signals within the colony (Slessor et al., 2005; Maisonnasse et al., 2010a).

7Ethyl oleate is also produced by the queen, brood, and other workers. However, it has been argued that only forager-derived ethyl oleate affects the temporal polyethism schedule within workers (Leoncini et al., 2004; Slessor et al., 2005).
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Contemporary biological research has suggested that some host–microbiome multispecies systems (referred to as “holobionts”) can in certain circumstances evolve as unique biological individual, thus being a unit of selection in evolution. If this is so, then it is arguably the case that some biological adaptations have evolved at the level of the multispecies system, what we call hologenomic adaptations. However, no research has yet been devoted to investigating their nature, or how these adaptations can be distinguished from adaptations at the species-level (genomic adaptations). In this paper, we cover this gap by investigating the nature of hologenomic adaptations. By drawing on the case of the evolution of sanguivory diet in vampire bats, we argue that a trait constitutes a hologenomic adaptation when its evolution can only be explained if the holobiont is considered the biological individual that manifests this adaptation, while the bacterial taxa that bear the trait are only opportunistic beneficiaries of it. We then use the philosophical notions of emergence and inter-identity to explain the nature of this form of individuality and argue why it is special of holobionts. Overall, our paper illustrates how the use of philosophical concepts can illuminate scientific discussions, in the trend of what has recently been called metaphysics of biology.
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INTRODUCTION

Adaptations are believed to be widespread in the biological world.1 The different types of beaks among bird species, the capacity of producing hemoglobin in vertebrates, or the ability to fly in some insects, are all considered adaptive traits. Yet, to properly characterize and recognize adaptations in nature is, notwithstanding, a difficult task for biologists due especially to the different ways this concept can be defined (Godfrey-Smith, 2001; Lloyd, 2017b). One of the most important issues that the concept of adaptation raises is that, since adaptations are usually considered adaptations of an individual, it is necessary to establish criteria to delineate the biological individuals that bear them before the identification of the adaptations becomes biologically feasible.

In this paper, we argue for a form of recognizing and explaining the evolution of some biological adaptations that result from the interaction between a multicellular host and its microbiome, whose discovery relies on the consideration of the holobiont as a biological individual. In particular, we appeal to the notions of emergence and inter-identity to shed light on the ancient debate about who is the individual for which adaptations evolve (Boogerd et al., 2005; Mitchell, 2012; Mossio et al., 2013; Moreno and Mossio, 2015; Triviño and Nuño de la Rosa, 2016; Canciani et al., 2019; Suárez and Triviño, 2019). We propose that the holobiont is the emergent individual that manifests the adaptations that underlie some specialized lifestyles (e.g., hematophagy, herbivory, etc.), an individual that we refer to as the manifestor of adaptation (Lloyd, 1992, 2001, 2017b). We further argue that the identity of the holobiont through time can only be established in terms of “inter-identity.” Importantly, we use the notions of “emergence” and “inter-identity” as the driving notions of our account, i.e., we use these concepts to illuminate some features of the individuality of holobionts that would be masked if the theoretical resources that they provide were ignored. By placing emphasis in these theoretical resources, our paper shows how biological evolution may occasionally give rise to forms of individuality (manifestors of adaptation) that go beyond the traditional boundaries of organisms.

In “Biological Individuals as Manifestors of Adaptation,” we motivate the necessity of developing an account of the holobiont as an individual that manifests biological adaptations and justify its relevance for biology. In “Sanguivory Diet in Vampire Bats,” we introduce a case study from biology about the evolution of sanguivory diet in bats of the species Desmodus rotundus. Drawing on some recent research by Mendoza et al. (2018), we show the existence of several hologenomic adaptations underlying the evolution of sanguivory, which suggests that the holobiont is the individual that manifests the adaptations and thus, the reason why the adaptations evolved in the first place. In “Holobionts as Emergent Individuals,” we argue for the emergent character of sanguivory, and the emergent character of the vampire bat holobiont. Relying on the philosophical notion of emergence, we argue that holobionts are emergent biological individuals, and explain the main metaphysical and biological implications of this conception of the holobionts. In “The Inter-Identity of the Holobiont,” we introduce the connection between individuality and identity and suggest an account of the temporal identity of the holobiont as a form of inter-identity that results from the causal-functional interaction between the host and its microbiome. Finally, we conclude by highlighting how our paper shows the ways in which metaphysics and biology can complement and help each other, in the fashion of what has been recently called metaphysics of biology.



BIOLOGICAL INDIVIDUALS AS MANIFESTORS OF ADAPTATION

The debate concerning the characterization of adaptation is closely related to that of functions. Historically, this debate has been divided into two main positions: etiological and dispositional accounts (Millikan, 1989; Godfrey-Smith, 1993, 1994; Kitcher, 1993; Walsh, 1996; Mossio et al., 2009).2 According to etiological or selected effects accounts, a trait is an adaptation when its current presence in the organism is a consequence of some beneficial effect the trait performed in the past for the organisms in the particular lineage to which the organism belongs. In this sense, the presence of the trait can be explained in terms of its causal history, that is determined by the action of natural selection on the lineage where the trait originally appeared (Williams, 1966; Wright, 1973; Sober, 1984, 2000; Sober and Wilson, 2011). In this etiological sense of adaptation, it is assumed that the trait performed a function in the past on an organism and conferred the organism a fitness advantage. As a consequence, it was naturally selected on the lineage that the organism belongs to due to the fitness benefits it provided to its bearers, and that causal history is precisely what makes it to be an adaptation.

Dispositional (or forward looking) accounts, on the contrary, characterize adaptations as those traits of an organism that perform a function that contributes to a distinctive higher-level capacity of the organisms that bear them, irrespectively of their biological history (Mossio et al., 2009; see Moreno and Mossio, 2015, pp. 62–87, for a review on this topic). There are different forms of conceiving the higher-level systemic capacity, although it is generally assumed that fitness must be conceived as a propensity, whose goals are identified with survival and reproduction (Bigelow and Pargetter, 1987; Boorse, 2002). According to the dispositional account, therefore, a trait is an adaptive trait if it increases the fitness (survival and/or reproductive success) of the individuals that bear it (Bouchard, 2008, 2011; Triviño and Nuño de la Rosa, 2016). This definition of adaptation has also been called the “engineering notion,” in the sense that the traits will be considered adaptations if they make the individuals that bear them look as if they had a good engineering to fit their environment (Lloyd, 1992, 2001, 2017b).

Despite the differences between etiological and dispositional accounts, both definitions of adaptation assume the existence of a biological individual that either bears the adaptive trait now (dispositional account) or used to bear the adaptive trait in the past such that this is the reason why the trait exists now (etiological account). Following Elisabeth A. Lloyd, we will refer to the biological individual that bears the etiological trait as the manifestor of adaptation (Lloyd, 1992, 2001, 2017b).3 Recognizing the individual that manifests the adaptation is an essential task to properly identify the historical origins of the traits that are observed in the biological realm, and thus it is essential to distinguish the traits that are adaptive from those that are not.4

Generally, biological individuals have been equated to paradigmatic cases of multicellular organisms, such as mammals or birds. In these cases, identifying the individual that manifests the adaptation might be an easy task. For instance, it is easy to see that birds are the manifestors of the different types of beaks [think of the finches studied by Grant and Grant (1989, 2011)], or that each vertebrate manifests the ability to synthesize hemoglobin, for instance. In other cases, however, this task is not so easily performed. For instance, is the biological individual the polyp or the jellyfish? And what about the Portuguese man o’war? Is it an individual, or a colony of interdependent individuals? These cases seem more problematic, insofar as it is not clear how to delimit the boundaries of the organism, or what counts as an individual rather than many. These aspects substantially complicate the task of attributing adaptations (Pepper and Herron, 2008; Dupré and O’Malley, 2009; Clarke, 2010, 2013; Dupré, 2010, 2012; Wilson and Barker, 2013; Pradeu, 2016; DiFrisco, 2017; Lidgard and Nyhart, 2017).

In this regard, think for example of the barbed sting in honey bees. The sting seems to be a product of cumulative selection; that is, it is a structure that has evolved because natural selection has played a fundamental causal role in its evolution, i.e., natural selection is the reason why the trait is now in every honey bee. However, it seems at least perplexing to believe that the sting could be an adaptation of each honey bee, since its use can sometimes cause the death of its bearer. How is it possible that natural selection has caused the appearance of a structure whose use causes the death of its bearer? The initial perplexity, though, disappears when one considers the possibility that the individual that manifests the adaptation is not each honey bee, but the colony itself. To explain the evolution of structures such as barbed stings, some biologists appeal to the concept of the superorganism and multi-level selection (Okasha, 2006; Hölldobler and Wilson, 2009; Canciani et al., 2019). According to this approach, in some eusocial insect species such as honey bees, the colony is the manifestor of adaptation due to the complex cooperative organization. Because of this, traits that might be harmful to each individual insect can evolve because they are adaptive at the level of the colony, which would be the manifestor of adaptation in this particular case.

Symbiosis poses another interesting challenge for our conception of biological individuality (Brucker and Bordenstein, 2012, 2013a; Gilbert et al., 2012, 2017; Sapp, 2016; Stencel and Proszewska, 2017; Suárez, 2018, 2019). During the first two decades of the 21th century, discoveries concerning symbiotic relations given in different species such as coral reefs and their microbiome (Rosenberg et al., 2007; Thompson et al., 2015), or the Nasonia wasps and their microbiome (Brucker and Bordenstein, 2013b), together with the realization of the near omnipresence of symbiosis, have suggested the existence of new forms of individuality at the multispecies level (Bouchard, 2009, 2013, 2014). In this respect, the notion of “holobiont” has been recently coined to refer to the multispecies symbiotic assemblages composed by a host (animal or plant) plus its symbiotic microbiota. Under the umbrella of the so called hologenome concept of evolution, it has recently been argued that holobionts are biological individuals, a position that we will call the individual view (Zilber-Rosenberg and Rosenberg, 2008; Rosenberg and Zilber-Rosenberg, 2013, 2016; Bordenstein and Theis, 2016; Theis et al., 2016; Lloyd, 2017a; Roughgarden et al., 2017; Suárez, 2019).

The idea, notwithstanding, has been faced with some criticism on the basis that firstly, the hypothesis that the holobiont is a biological individual is not precise enough to be biologically significant (Godfrey-Smith, 2013; Booth, 2014; Chiu and Eberl, 2016; Queller and Strassmann, 2016; Skillings, 2016). Secondly, the claims, assumptions, and implications concerning the biological individuality of holobionts does not seem to be completely supported by our current empirical evidence (Moran and Sloan, 2015; Douglas and Werren, 2016; Hurst, 2017; Bourrat and Griffiths, 2018; Stencel and Wloch-Salamon, 2018). The realization of these difficulties led all these authors to argue that the hypothesis that holobionts are biological individuals is ungrounded, and they should be rather characterized as ecological communities wherein the microorganisms that integrate the host’s microbiota should be taken as environmental factors for the host’s development and functioning. We will call this position the ecological-community view.

Despite the considerations made by the advocates of the ecological-community view, we suspect that completely disregarding the individual view might be problematic. This is so because the reason why some adaptations have evolved (such as those that are required for dietary, immunological, or reproductive specializations in some animals or plants) would be masked unless the holobiont is taken seriously as the individual that manifests these adaptations (Díaz, 2015; Roughgarden et al., 2017; Suárez, 2020). For example, think of the evolution of herbivory in ruminants. In two recent studies, Chiu and Gilbert (2019) and Gilbert (2019) have shown how developmental symbiosis has played a pivotal role in the evolution of this specific dietary lifestyle, to the point that its evolution would have not been possible without the microbial symbionts, insofar as they bear some of the adaptive traits that make herbivory possible. Interestingly, their work is especially revealing, for it shows why an ecological community view would leave herbivory unexplained. Even though we may describe what happens today among ruminants in ecological terms (i.e., conceiving ruminants as an ecological community where some species produce some compounds that others use, the latter transforming these compounds further and making them useful to others, etc.), this level of description would completely mask how herbivory evolved, and why ruminants bear a microbiome that contains certain functional traits rather than others. In other words, the ecological community view would make the evolution of herbivory random, like a fortuitous event of “lucky association” between different species, rather than a causal evolutionary process that depends on natural selection acting on the multispecies community (Figure 1).
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FIGURE 1. Comparison of the ecological-community view (A) and the individual view (B). The blue dashed arrows represent ecological interactions, but not considered from an evolutionary perspective (A), whereas the red arrows represent the evolutionary aspect of these interactions (B). The bacteria stand for hypothetical strains in the cow rumen. In the ecological-community view, herbivory is seen as the result of an ecological interaction, and thus its evolutionary basis does not need to be studied. The individual view, on the contrary, requires studying the evolutionary history of herbivory to unmask the traits of the microbiome that have evolved to make it possible. The red dots in each of the bacterial strains in (B) represent traits that have evolved specifically for herbivory, and thus reveal a hologenomic evolutionary history, being most likely fortuitous benefits (rather than etiological adaptations) of the bacterial strains that bear them.


Importantly, we are not claiming that the ecological community view cannot (or should not) be applied to understand some of the properties of host–microbiome associations. Our point is rather that relying exclusively on the methods that the ecological community approach provides would mask the causal origin of some contemporary host and microbiome traits, whose causal origin would be inappropriately explained. This would be the case since the individual that has historically borne them and thus, the individual on which natural selection has acted so that these traits have historically evolved to become adaptative, would not be recognized (etiological notion of adaptation), being systematically conflated with the individual that happens to bear the trait in its genome now (dispositional notion of adaptation). In other words, some adaptations require the interaction of the host and its microbiota to evolve, while neither the host, nor the taxa that compose the host’s microbiome, would be properly characterized as the individual that manifests them. Therefore, the holobiont must be recognized as the individual that manifests the adaptations that underlie the evolution of some specializations, and hence it is the ultimate reason why these adaptations have evolved and been historically maintained (Mayr, 1961).



SANGUIVORY DIET IN VAMPIRE BATS

Animals of the order Chiroptera, commonly known as bats, exhibit an important variety of dietary specializations, including specialization to insectivorous, frugivorous, and hematophagous (or sanguivorous) diets. Each of these dietary specializations requires a sophisticated set of morphological, immunological, and physiological adaptations to cope with the challenges posed by the lifestyle that they entail. Furthermore, the order Chiroptera is the only mammal order for which there are three obligate sanguivory species, the three of them belonging to the family commonly known as the “vampire bats” (Phyllostomidae Desmoodontinae). As blood is a challenging dietary source, the fact that that vampire bats are the only mammal family that feeds on it entails that each of the adaptations that make sanguivory diet possible and triggered its evolution must be specific to the Phyllostomidae Desmoodontinae family.

Blood consists mainly of a liquid phase and a dry-matter phase which mainly contains proteins (about 93%), and carbohydrates (about 1%). It provides almost no vitamins, and it could contain high levels of bloodborne pathogens, which are potentially dangerous. Vampire bats have evolved some key adaptations to cope with the challenges posed by this particular lifestyle. These include:

• important morphological changes such as the acquisition of sharp incisor and canine teeth, as well as claw-thumbed wings, that allow them to suck the blood of their prey;

• changes in the sensory apparatus, such as the evolution of sensing capacity to locate the accessible blood vessels in their prey;

• the evolution of adaptations to cope with viscosity, and the possibility of coagulation after ingestion and during digestion;

• the evolution of renal and bladder adaptations to cope with their mainly liquid-based and protein-rich diet (especially related to efficient urea excretion);

• the evolution of adaptations to cope with the risk of iron poisoning;

• the evolution of adaptation to cope with the scarcity of nutrient-availability that is provided in its blood-sucking diet; and

• the evolution of immunological adaptations to cope with bloodborne pathogens, as these are expected to be commonly faced due to their dietary specialization.

All these adaptations, and others, are specific to the Phyllostomidae Desmoodontinae family (as this is the only hematophagous mammal family) and are essential for the evolution of the sanguivory lifestyle of the members of the family. To understand how the sanguivory lifestyle could have evolved, it is important to discover the different adaptations that underlie it, and thus to genetically locate the traits that, by having been naturally selected, have allowed its evolution on the first place.

Mendoza et al. (2018) have recently studied the different nutritional adaptations that underlie the evolution of sanguivory in the common vampire bat, D. rotundus. In relation to the sensory adaptations that underlie sanguivory, Mendoza et al. (2018) found that the bat genome had lost its sweet taste genes and had experienced a substantial reduction in the number bitter taste genes. These genes are probably related to homeostasis, and thus their evolution is fundamental for sanguivory. Additionally, they found that the gene PRKD1, which modulates the bat’s infrared sensing that allows it to easily locate blood vessels, had undergone positive selection too.

Mendoza et al. (2018) also discovered that RAB1B gene and GJA1 gene had experienced positive selection, probably accounting for gastrointestinal and urinary adaptations to the sanguivory lifestyle, especially coping with the potential challenge of kidney and bladder failure. Regarding the challenge posed by the scarcity of nutrients that are available in a blood-based diet, the common vampire bat has evolved several key adaptations in its genome. These include a positive selection for the gene REG4, believed to have a possible effect as an anticoagulant; a positive selection for the genes PDZD11 and LAMTOR5, possibly involved in coping with nutrient scarcity and obtaining an efficient response to nutrient starvation; and a positive selection for FFAR1 gene, involved in glucose homeostasis, thus hypothetically allowing D. rotundus to have an efficient use of the available glucose.

Apart from nutritional adaptations, Mendoza et al. (2018) also found out other traits that were undergoing positive selection in the bat genome. For instance, the antimicrobial gene RNASE7, with a possible influence in coping the bloodborne pathogens, showed positive selection. The same was true for the gene PSMA3, hypothetically involved in the disposal of excess nitrogen, an expected consequence of a blood-based diet due to its high protein and salt content. Concerning blood coagulation, they found the PLAT gene to be undergoing positive selection too, and they further found out that both light and heavy chains of ferritin (an iron-storing protein) were under gene family expansion. Ferritin is important to avoid an excess of iron in the blood flow, which might be triggered due to the high content of iron in blood, which is the only nutritional source of vampire bats.

However, the genomic adaptations just described do not seem to be enough to cope with all the challenges posed by sanguivory and, even if they could trigger the evolution of some hematophagous behaviors, they do not seem enough to explain the evolution of obligatory sanguivory. Covering that gap, together with these key genomic adaptations, Mendoza et al. (2018) also found that several traits in the common bat’s functional core microbiome were undergoing positive selection to cope with the nutritional challenges posed by sanguivory. For instance, they found an enrichment in some microbial genes in the functional core microbiome, including the microbial gene L-asparaginase, possibly involved in anticoagulation, one of the main challenges of hematophagy. Furthermore, they found an enrichment, and possibly a positive selection for genes involved to carbohydrate metabolism and energy production, including enzymes related to the reverse Krebs cycle, and to the biosynthesis of cofactors and vitamins, such as carotenoid and butyrate. All these genes are speculated to play a key role in coping with the low nutrient availability in the common vampire bat blood-sucking diet. Concerning fat storage and the synthesis of triacylglycerol, Mendoza et al. (2018) found an enrichment in the microbial gene glycerol kinase.

The contribution of the microbiome to sanguivory is not exhausted by nutrition, though. The vampire bat microbiome was discovered to contain a large abundance of protective, antiviral producing bacteria, in comparison to the microbiome of other bats, which suggests that the microbiome might contribute to immunity. Additionally, they also found an enrichment in ferritin, which suggested that the microbiome also collaborated to coping with the excess of iron in the vampire diet. Finally, they found that the microbial gene ureA, involved in urea degradation and thus essential to keep the normal functioning of the kidneys, showed an enrichment in the common vampire bat microbiome in relation to other bat species.


Who Manifests the Adaptations for Sanguivory?

The evolution of sanguivory in the vampire bat triggers the following question. If the evidence gathered by Mendoza et al. (2018) is correct, and the microbiome contributes to sanguivory almost as much as the host does, which entity is the manifestor of adaptation? Or, connecting with what we argued in “Biological Individuals as Manifestors of Adaptation,” if adaptations (in the etiological sense) are only adaptations of an individual in a lineage, which is the individual that bears the adaptations that make sanguivory evolve by cumulative selection? From Mendoza et al.’s (2018) research, it follows that part of these adaptations are genomic adaptations, i.e., adaptations of D. rotundus, such as the positive selection of the GJA1 gene, or the PSMA3 gene, which allow to cope with some of the challenges of sanguivory.

However, all the changes that are positively selected in the common bat’s genome alone fail to explain its hematophagous mode of life, since they only allow bats to cope with some of the challenges posed by sanguivory, but they cannot account for all of the challenges that this type of diet generates. This creates an important explanatory gap: if vampire bats have an obligate blood-sucking diet, but their genome lacks the genetic components that would allow them to cope with all the challenges posed by sanguivory, how is it possible that vampire bats are, in fact, hematophagous? The answer, in Mendoza et al.’s (2018) research, lies in the substantial contributions that the microbial components of the bat microbiome make to sanguivory, including the synthesis of some of the enzymes that avoid blood coagulation, the synthesis of proteins that allow vampire bats to survive despite the scarcity of nutrients in their diet, etc.

Interestingly, Mendoza et al.’s (2018) research also makes another fundamental contribution for understanding the evolution of sanguivory in Chiroptera. In their research, they found that the microbial taxonomic composition in the vampire bat’s microbiome reflected the bat’s phylogenetic influence, with more similarity to the microbiome of insectivorous and carnivorous bats than to frugivorous bats (a pattern known as phylosymbiosis, Brooks et al., 2016). However, at the functional level, they found out that the vampire bat’s microbiome was strikingly different to any other bat it was compared to (frugivorous, carnivorous, insectivorous), which according to the authors suggested that the common vampire bat’s microbiome might harbor a specific set of functions highly specialized to its extreme diet.

This observation is important because, as we will argue, it suggests that some of the etiological adaptations that have evolved in the vampire microbiome were not adaptations for any of the bacterial lineages that compose it, but for the host-microbiome system. For now, it is enough to realize that neither the host alone, nor the microbiome alone are the manifestors of the traits that underlie the evolution of sanguivory. Sanguivory evolves as a consequence of the interaction between the host and the microbiome and, thus, it seems to be a characteristic of the system formed by both.




HOLOBIONTS AS EMERGENT INDIVIDUALS

In this section we interpret Mendoza et al.’s (2018) results from the perspective that the entity that manifests the adaptations in the case of bat sanguivory is the holobiont; our argument makes use of the philosophical notion of emergence. We divide this section into three parts. In the first part (“Clarifying the Metaphysical Framework: the Notion of Emergence”), we introduce the metaphysical notion of emergence and the features attributed to the so-called “emergent-properties.” Specifically, we will clarify the notion of emergence that we are going to use (see also Suárez and Triviño, 2019). In the second part (“The Holobiont as an Emergent Individual That Manifests Etiological Adaptations”), we will illustrate how this way of metaphysically approaching the holobiont offers an accurate framework to explain sanguivory in vampire bats, and in the third (“Biological Consequences of the Emergentist Account of the Holobiont”) we extend the framework to other case studies that appear in the biological literature. Our goal is to show how our emergentist account illuminates some of the empirical results and provides a coherent framework to think about the concept of hologenomic adaptation.


Clarifying the Metaphysical Framework: The Notion of Emergence

The metaphysical notion of emergence has been widely used among philosophers of biology to characterize some biological properties, such as the features of biochemical networks (Boogerd et al., 2005), the amount of nectar stored in a hive (Mitchell, 2012), or fitness (Triviño and Nuño de la Rosa, 2016).

Emergent properties, in the ontological sense5, have two main characteristics: dependence and autonomy (Sartenaer, 2013). Regarding dependence, emergent properties are “higher-level properties” of a system that depend on the “lower-level properties” of the parts that compose that system. Metaphysicians have widely worked on clarifying the kind of dependence that is given between the emergent and the “lower-level properties” (O’Connor, 1994; Humphreys, 1997; Kim, 1999; O’Connor and Wong, 2005). Recently, Jessica Wilson has made a review of the different forms of dependence and has distinguished five types: material composition, fusion, modal covariation, nor-reductive realization and causation (Wilson, 2016). Emergent properties of different systems, then, might depend on their “lower-level properties” in different ways, and no particular form of dependence can be singled out as a necessary one.6

Concerning the biological field, we have elsewhere argued that the kind of dependence occurring between some emergent properties that characterize an organism, such as fitness (see Triviño and Nuño de la Rosa, 2016; Triviño, 2019), and its “lower-level properties” is causal-functional interaction (Suárez and Triviño, 2019).7 In this sense, the emergent property arises as a consequence of the complex causal interactions among the “lower-level parts” of the system. In other words, the “lower-level properties” of the parts of the system cause the emergent property to appear (O’Connor and Wong, 2005, p. 664).

Regarding autonomy, emergent properties need to introduce a new causal power into the world (O’Connor, 1994; Kim, 1999, 2006). The notion of causal power is, notwithstanding, problematic, as it can be conceived in different ways depending on one’s ontological commitments about properties. Here, we will follow Wilson’s characterization of causal power according to which having a causal power means that the bearer of the property has the capacity to behave in a certain way given the appropriate circumstances (Wilson, 2002, 2013, 2016).

The causal power of emergent properties is said to be both autonomous and downwardly exerted. It is autonomous insofar as it is qualitatively different from the causal power possessed by the “lower-level properties” that constitute the system. It is downwardly exerted since the system, due to its higher-level properties, is able to exert top–down causation on the “lower level parts” that compose it (O’Connor, 1994, pp. 97–98). This form of causation is conventionally considered as a hallmark of emergence.8 In philosophy of biology, it is suggested that the “lower-level parts” of a system behave in ways that they would not behave if the emergent property would not exist due to the constraints created by the higher-level organization that they constitute (Campbell, 1974; Arnellos and Moreno, 2012; Moreno and Mossio, 2015; Green, 2019).

Dependence and autonomy, therefore, are the characteristics that higher-level, i.e., systemic properties need to satisfy to be characterized as “emergent.” In a recent paper, we use this metaphysical framework to argue that holobionts are emergent individuals, insofar as they possess emergent properties (Suárez and Triviño, 2019).9 In particular, we argued that holobionts can determine part of the genetic properties of their microbiome. Here, we apply this metaphysical framework of holobionts to provide an interpretation of the results obtained by Mendoza et al. in their study of the evolution of sanguivory in vampire bats. Our aim is to show the usefulness of this metaphysical framework in biological research and how it can shed light on the nature of the holobiont in a way that could be extended to the evolution of other complex specializations in different animal and plant orders.



The Holobiont as an Emergent Individual That Manifests Etiological Adaptations

In the case studied by Mendoza et al. (2018), the vampire bat holobiont is the individual that realizes sanguivory, and thus the individual that manifests the lifestyle, as we argued in “Who Manifests the Adaptations for Sanguivory?”. In this sense, the vampire bat holobiont, but not the vampire bat host or the vampire bat microbiome, is the entity that bears the adaptive traits that allowed the evolution of sanguivory in the family Phyllostomidae Desmoodontinae. Or, using the two different conceptions of “adaptation” that we had introduced before: all the traits that Mendoza et al. (2018) have proven to show a history of positive selection for the challenges posed by sanguivory on the bat genome, and on its microbiome, are etiological adaptations of the holobiont, rather than of the bacterial taxa that compose the host’s microbiome.

We consider that these results can be properly explained by using the notion of emergence. In this sense, the sanguivory diet can be characterized as an emergent property of a system, i.e., the holobiont. This is so because sanguivory meets the features of dependence and autonomy that characterize emergent properties.

Regarding dependence, sanguivory diet is a property that is not given at the “lower-level parts” that compose the holobiont. Specialization to sanguivory, as well as the traits that evolve to make this specialization possible, only exist as a consequence of the functional interaction between the vampire bat and its microbiome. That sanguivory is not a property of the vampire bat or the microbiome but of the holobiont vampire bat-microbiome can be explained from Mendonza et al.’s (2018) results. First, the traits that Mendoza et al. (2018) have shown to be experiencing (or have experienced) positive selection in the microbiome of vampire bats are linked to the specific challenges posed by sanguivory, but not by the challenges posed by every possible lifestyle of the microbial taxa that bear them. This was proven in Mendoza et al.’s (2018) comparison of the taxonomic and functional gut microbiome profiles across different bat species. While gut microbiome variation was scarce at the taxonomic level among bat species, it was strikingly high at the functional level. This suggests that the taxa that compose the bat microbiome will only acquire these traits when they are hosted by vampire bats, but not otherwise. This shows that the traits that underlie sanguivory, and that show a history of positive selection, exist and are transgenerationally maintained through functional interaction between the host vampire bat and its microbiome. Without this specific type of interaction, the traits are simply not present, as Mendoza et al.’s (2018) functional analysis of the different types of gut microbiomes suggests. Therefore, as in other cases of emergent properties, sanguivory and, specifically, the traits that make it possible in vampire bats, only exist as a consequence of the interaction between the vampire bat host and its microbiome.

Second, an important consequence of the previous point is that the traits that can be proven to have experienced positive selection in the bat microbiome are not necessarily etiological adaptations for the bacterial taxa that bear them. These traits only appear and become dominant in the bacterial population when the bacterial species reside within the vampire bat holobiont, but do not appear when the same taxa live in symbiosis with other bat hosts, including frugivorous, and insectivorous bats. In this sense, these traits constitute engineering (dispositional) adaptations of the bacterial lineages that have not really been selected for their lineages. That is to say, they are the product of natural selection acting on the holobiont, which is the entity that manifests the emergent property of sanguivory.

Concerning autonomy, we argue that sanguivory is a new property that is not given at “lower-level parts.” As we have shown, this property is not present in vampire bats hosts nor in the microbiome, but it is a property that depends on the causal interaction that occurs between the two of them and is possessed by a higher-level system that we refer to as the holobiont. Insofar as it is a new property, it introduces a new causal power into the world, namely: it allows its bearer, i.e., the holobiont, to behave in a certain way. In this case, to have “sanguivory diet” means that the holobiont vampire bat-microbiome can ingest blood, digest it, and obtain nutrients from it. This is something that neither the vampire bat host, nor the microbiome can do if they are taken separately (see “Who Manifests the Adaptations for Sanguivory?”).

To introduce a new causal power into the world is not sufficient for a property to be emergent, though. As we said in “Clarifying the Metaphysical Framework: the Notion of Emergence,” it is also necessary that its effects are downwardly manifested. The higher-level property, therefore, must allow its bearer to exert top–down causation, that is, to exert causal influence over the parts that compose it. We consider that this feature is also given in the case of sanguivory. In fact, we consider that it is precisely the existence of sanguivory that allows the holobiont vampire bat (insofar as it is the bearer of the property) to exercise a causal power over the “lower-level parts” that compose it (host genome, bacterial lineages), in a way such that some of the traits will be historically maintained for several generations. Importantly, notice that we claim that the emergent character of the property (sanguivory) determines the existence of top-down effects not only on the microbiome traits, but also on the host genome. The evolution of sanguivory, and its maintenance in D. rotundus, depends on the evolution of certain traits, and these can evolve both in the bat’s genome, or in the (meta)genome of its microbiome. The traits that have evolved in the microbiome to make sanguivory feasible determine the traits that have not evolved in the bat genome, and vice versa, generating thus a reciprocal dynamic that affects to a big extent host genome evolution. In this sense, it does not make sense to argue that the traits that have evolved (or have not evolved) in the host genome to facilitate sanguivory are etiological adaptations of the host: as it happens with the microbiome, attributing the evolution of these traits exclusively to the host would mask their real causal history. The traits that have been acquired/retained by the host genome are hologenomic traits, for they only exist because the holobiont, the entity that realizes sanguivory, exists.10

A consequence of this is that the bat holobiont is the manifestor of adaptation and therefore, the individual where the traits that underlie sanguivory in vampire bats have evolved. And, importantly, the bat holobiont is the entity whose existence causes the microbiome to bear the functional traits that it bears (and that are reflected in the functional analysis) (Figure 2), as well as the evolution of the host genome (those traits that evolve in the microbiome do not evolve in the host genome, and vice versa). This constitutes a case of top–down causation, where the entities at the lower-level acquire part of their properties as a consequence of the effect caused by the property of an entity at the higher level. The reason why these traits exist is thus twofold: on the one hand, they exist now on the bacterial lineages because they are the ones that make the bacteria fit better the environment where they live (dispositional account of adaptation); on the other hand, they have existed historically because they allow the vampire bat holobiont to realize sanguivory, and thus to have the specific lifestyle that it has (etiological account of adaptation). Our point is thus that the traits underlying sanguivory are, in most cases, etiological adaptations of the holobiont, and engineering adaptations of the taxa that compose the microbiome and/or the host genome.11
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FIGURE 2. The figures represent a host (bat) plus the set of microbial taxa it interacts with. (A) Represents each taxa, and assumes that the individuality of the holobiont consists in the collection of organisms, including the host and the bacterial taxa that reside on its microbiome (represented by a dashed blue circle). (B) Represents our emergentist account, according to which the holobiont is the entity composed by the host plus the etiological adaptations that allowed the evolution of sanguivory that are borne by the taxa that compose its microbiome (the adaptive traits are represented by the red circles, and the boundaries of the emergent holobiont are represented by the dashed red circle). These adaptive traits that belong to the emergent holobiont (despite being borne by the bacterial taxa) include the set of genetic components that Mendoza et al. (2018) proved to have been selected to cope with the challenges of sanguivory.


We have already shown that sanguivory can be characterized as an emergent property insofar as it meets the features of dependence and autonomy. In this regard, the holobiont, that is, the system that bears this property, can also be characterized as an emergent entity in a derivational sense since, according to authors such as Bedau (1997), those systems that possess emergent properties can be considered emergent systems. A consequence of our interpretation is that the holobiont is more than a mere epiphenomenal association between hosts and their microbiome: holobionts are emergent entities, insofar as they are the bearers of emergent properties.

In this regard, it is important to clarify that, in characterizing the holobiont as an emergent entity we are not trying to answer any empirical question about any specific biological system. That is, we are not explaining at what point in history sanguivory appears and, therefore, the bat holobiont (as an emergent entity) started to exist. Nor are we studying when, during the ontogeny of the vampire bat host, the host-microbiome association becomes an emergent entity (the holobiont) rather than an aggregate. These are empirical questions that, despite their importance, are besides the scope of this paper for two reasons. First, because they will be different for every biological system (vampire bats, cows, or D. melanogaster will have evolved into holobionts differently). And second, because their ontogenetic origin also depends strongly on the system one is concerned with, as well as with the type of behavior that one is trying to explain (sanguivory, herbivory, niche adaptations, etc.). Here, instead, we use metaphysical concepts to explain an already existent biological phenomenon, namely, sanguivory. In addition to that, we are justifying why characterizing the vampire bat-microbiome holobiont as an emergent entity that bears an emergent property is more useful than other alternative accounts of the holobiont for explaining some empirical results, and also to foster new research.12



Biological Consequences of the Emergentist Account of the Holobiont

The emergentist account of the holobiont can be generalized to every other animal or plant, due to the universality of host-microbiome interactions. Thus, we suggest that our framework is accurate to interpret the main biological features of holobionts, and to interpret some of the empirical results that are obtained when a hologenome framework is applied in scientific research. For example, as we advanced in “Biological Individuals as Manifestors of Adaptation,” the evolution of herbivory in ruminants can be explained by assuming that the cow-holobiont is an emergent biological individual (something that Chiu and Gilbert, 2019 explicitly acknowledge). On the one hand, herbivory satisfies the requirement of dependency -for, as Gilbert (2019) argues, it only appears as a consequence of the host-microbiome interaction. On the other, herbivory is an autonomous property, as its existence leads to downward effects on the genome and the microbiome of cows that, we argue, must be manifested in the type of functional traits that have evolved, and the type of dynamics that these traits have followed. Particularly, we hypothesize that origins of herbivory, as a property of the cow-holobiont, leads to the evolution of highly motile traits, many of which will be involved in a high degree of horizontal gene transfer among the microbiota that composes the cow’s rumen.

Another case that can be reinterpreted under our framework is the appearance of hybrid lethality in Nasonia wasps (Brucker and Bordenstein, 2013b). In their study, Brucker and Bordenstein proved that hybrid lethality could be “cured” among closely related species of Nasonia if their microbiomes were removed. This suggested that hybrid lethality did not result from a genomic incompatibility among related Nasonia species, but from a hologenomic incompatibility (cf. Chandler and Turelli, 2014). Brucker and Bordenstein explained their results by appealing to the genetic incompatibilities among the beneficial bacterial communities in related Nasonia species. While this interpretation is plausible, we believe that our “emergentist” framework provides a better analysis of the results. In our view, Brucker and Bordenstein clearly proved that hybrid lethality is both a dependent and an autonomous property. It is dependent for it only appears as a consequence of the interaction between the zygotically derived Nasonia cells, and the bacteria that compose their microbiome. It is autonomous because once the emergent hologenome that manifests lethality has appeared, the evolution of the genomes of the different (and incompatible) Nasonia species and the evolution of their microbiome will follow distinct evolutionary pathways that result, precisely, from the biological possibilities that hybrid incompatibility generates (see also Suárez, 2019, pp. 51–71, for an extensive discussion).13

Finally, we also believe that Rosenberg and Zilber-Rosenberg’s study on the evolution of corals -which inspired the hologenome concept of evolution (Rosenberg et al., 2007; Zilber-Rosenberg and Rosenberg, 2008; Rosenberg and Zilber-Rosenberg, 2013)- can be reinterpreted by appealing to the notion that the holobiont is an emergent biological individual. In the late 90s, using the Koch postulates, Vibrio shiloi had been deemed responsible for the disease affecting Oculina patagonica (Kushmaro et al., 1997). However, some analyses made a few years later showed that V. shiloi had disappeared from most of the corals, suggesting that corals had overcome the infection. Reshef et al. (2006) suggested that corals could overcome the infection because their microbiome was rearranged in a way that caused the disappearance of V. shiloi. Generalizing from this observation, Rosenberg et al. (2007) and Zilber-Rosenberg and Rosenberg (2008) proposed the hologenome concept of evolution, according to which every animal and plant should be considered an evolving holobiont, together with its microbiome. A key element of their proposal is that the collection of genomes that composed corals evolved as a single unit (thus the choice of the name “holo-genome”). However, further evidence disconfirmed Rosenberg and Zilber-Rosenberg’s interpretation of corals’ evolution by showing that there was no transgenerational phylogenetic stability in the microbiome of corals (Hester et al., 2016). We hypothesize that this evidence can be interpreted according to our framework, to argue that some of the traits that caused the disappearance of V. shiloi are located on the microbiome, in such a way that they are etiological adaptations of the holobiont, and not of the bacterial taxa that compose it. According to our interpretation, the immunology of corals is an emergent property of the holobiont that is both dependent on host–microbiome interactions, and autonomous in the sense of causing downward effects that alter the evolution of both the genome of corals, and of its microbiome. A consequence of this view is that, as Hester et al. (2016) observed, transgenerational stability at the level of the species that compose the microbiome of corals is not to be expected while, as Rosenberg and Zilber-Rosenberg argued, the emergent effect that causes the disappearance of V. shiloi is expected to remain.

Now we have explained what the emergentist account of the holobiont entails and how it could be applied to illuminate some aspects of contemporary biological research, a new question arises. Contemporary research on the microbiome has suggested that the species that compose the microbiome of a host may suffer dramatic changes during its lifetime, some of which may even lead to a full replacement of the species that compose the microbiome (Gilbert and Chiu, 2015). Grounded on this, some researchers have denied the “individuality” status to holobionts, as they lack stable properties underlying their temporal identity, which renders the holobiont as a “fluid” entity that is constantly changing and becoming a different individual. Although we believe this is a fair criticism to the notion that the holobiont is the individual composed by a host and the totality of taxa or species that compose its microbiome, we do not think that it can be applied to the emergentist conception of the holobiont we advocate here. To explain why, in the next section we provide an account of the identity of the holobiont that builds on its emergent nature, and that appeals to the notion of inter-identity.




THE INTER-IDENTITY OF THE HOLOBIONT

The question about the identity of a biological individual concerns the conditions that make a biological individual the same entity despite the continual changes14 it experiences through time (Bouchard, 2013).15 In the case of holobionts, the question of identity can be expressed as follows: How can we determine that a holobiont is one and the same through a period of time, t1-t10, given that its properties change through this period of time? In fact, holobionts may experience changes in both its component parts and its qualitative features between t1 and t10. Thus, how can we know whether a holobiont at t1 is the same holobiont at t10? Is the identity of the holobiont different from the identity of the host, or does each holobiont live as long as each host lives? How would a change in the microbiome of a host affect the identity of the holobiont? As, in our account, the holobiont is the entity that emerges from the interaction between the parts that compose it -i.e., the host and its microbiome- it becomes necessary to specify the type of changes that it could experience while being the same individual.

In the most recent literature, the holobiont is conceived of as the individual composed by a host plus the species or taxa that compose its microbiome. Thus, in that view, most authors had argued that the identity of the holobiont is not temporally preserved, as the microbiome species composition can sometimes be very unstable during the lifetime of the host.16 Chiu and Eberl (2016) have recently presented the most elaborated version of this argument. They join three pieces of evidence to support their view. First, the bacterial species of the microbiome that interact with a host are usually the result of a process of ecological filtering, rather than the result of a process of host filtering (Moran and Sloan, 2015; Douglas and Werren, 2016; Mazel et al., 2018). In their view, only the latter would suggest coevolution and thus, individuality, but not the former. Second, the microbiome is largely interchangeable during the lifespan of a host. A host can interact with different species of microorganisms during its life, and the species composition of its microbiome is fluctuant (Gilbert and Chiu, 2015). Third, the species that compose the microbiome of a host are shared among many different hosts at different times, and thus, the microbiome is not a proper part of the host, which implies that the holobiont is not a biological individual.

Even though Chiu and Eberl’s arguments pose a serious challenge to the individuality of the holobiont, and hence, to its identity, we do not believe they are correct, as we have extensively argued somewhere else (Triviño, 2019, pp. 198–233). Firstly, from a biological perspective, the individuality of the emergent holobiont results from the shared history of the adaptive traits carried by the microorganisms of the microbiome and interacting with the host genome. This contrasts sharply with the idea, which we consider incorrect, according to which the individuality of the holobiont results from the interaction between the host genome and the different taxa or species that compose it. Secondly, from a metaphysical point of view, contemporary metaphysical theories of persistence explain that a proper part of an individual can be contingent, interchangeable and shared without necessarily affecting the identity of this individual (McCall and Lowe, 2003, 2006; Miller, 2005, 2010).

Assuming that our position is correct, we still need to explain what the identity conditions of holobionts are according to our emergentist view. Due to their “interactive” nature, we propose that the identity of holobionts is a form of inter-identity, that is, a kind of identity that depends on the maintenance of the interaction between the host and the adaptive, etiological traits that are borne by its microbiome and thus, on the persistence conditions of both of them.

The persistence conditions of an entity refer to those changes that the entity can support without ceasing to exist, that is, without losing its identity (Lowe, 2002). The persistence conditions vary depending on the nature of the entity one is considering. For instance, the persistence conditions of a watch include the possibility of disassembling the watch into its mechanical components, and reassembling it, without the watch ceasing to exist.17 Conversely, an organism cannot normally persist if it is decomposed into parts because, as some people have argued, the nature of organisms is such that their persistence conditions are radically different from those that make machines possible (Nicholson, 2013, 2019). Of course, this does not mean that organisms do not tolerate any kind of replacements in their parts without losing their identity. For instance, an organism can lose parts of their body without ceasing to exist, or they can have their organs replaced by other organs (e.g., transplants). However, they cannot, in most cases, tolerate being completely decomposed into parts and reassembled (although there are some exceptions, e.g., some plathelminths).

Concerning holobionts, in order to explain how a holobiont at t1 is the same individual at t10, for instance, we need to take into account its persistence conditions. In this regard, our emergentist view on holobiont individuality entails that the persistence conditions of holobionts include some changes in their constituent parts, namely the host and its microbiome. Changes in the constituent parts that are tolerated include processes such as cell turnover in the host, or “bacterial turnover” in the microbiome, and changes in the species that compose the microbiome, provided these replacements do not affect the adaptive traits that define the boundaries of the holobiont as an emergent individual that manifests these adaptations. Additionally, the emergentist account of the holobiont also tolerates some changes that affect the qualitative properties that characterize each of these parts, including changes in the relative abundances of the species of the microbiome (e.g., changes in their densities), or changes in some organs of the host (such as some organ loses, or some organ replacements).18

Drawing upon the example of the vampire bat holobiont, we claim that, with regard to the host, it is possible that the bat-host loses some of its parts during its lifetime, such as some hairs, or some of its teeth, such that it is possible for the bat that composes the holobiont to have twenty teeth at t1, whereas it only has nineteen at t5. The possible range of changes we are referring to includes both changes in the components and changes on the qualities of the bat. And these are changes that the bat, due to its nature, can support without ceasing to exist, and therefore, without losing its identity. How is the identity of the bat related to the identity of the holobiont? We claim that the vampire bat holobiont does not lose its identity as a consequence of any change in the host that does not affect the identity of the latter. This is so because the identity of the bat-holobiont is a result of the interaction between the bat and its microbiome, and any change in the bat that does not alter its persistence conditions does not affect the identity of the holobiont. In other words, insofar as the bat is a component of the holobiont, it is possible to claim that, at t1, the bat-holobiont has twenty teeth whereas at t5 the bat-holobiont is still the same, but it only has nineteen teeth. Since this kind of change is part of the persistence conditions of the holobiont, it continues being the same one despite the changes it experienced. Losing some hairs or losing a few teeth may definitely affect the fitness of the bat and, indirectly, the fitness of the bat-holobiont. However, it does not affect its capacity to interact with its microbiome, and thus the vampire bat-holobiont does not cease to exist.

The case of the microbiome is, however, more complex, for the microbiome can be reassembled and it can possibly even be completely replaced during the life of the holobiont. The question is, thus, what kind of changes in the microbiome would not affect the persistence conditions of the holobiont. In this regard, we consider that a change in the species composition of the microbiome is a change that the holobiont can support, and therefore, it is part of its persistence conditions, such that the holobiont at t1 is the same one as the holobiont at t5 regardless of the bacterial species that compose the microbiome that interacts with the host (Triviño, 2019, pp. 198–233). Following the ideas of some biologists (Burke et al., 2011; Taxis et al., 2015; Catania et al., 2016; Louca et al., 2016; Doolittle and Booth, 2017; Lemanceau et al., 2017), we consider the nature of the holobiont to be such that it can support changes in its microbiome as long as the functions that the microbiome performs for the host are maintained.

We can use one example to illustrate this. In a study on the aphid-Buchnera symbiosis, Koga et al. (2003) successfully replaced the Buchnera aphidicola in a group of aphids by a different symbiont (pea aphid secondary symbiont), despite the obligate nature of the aphid-B. aphidicola association. And, in a recent study, Chong and Moran (2018) have shown how the aphids from the Geopemphigus species have naturally replaced their B. aphidicola for a different symbiont closely related to the phylum Bacteroides. These types of species replacements can be tolerated without the holobiont losing its identity insofar as the functions that the microbiota realizes are the same, which strongly suggests that the adaptive traits that are arguably etiological adaptations of the holobiont still remain. In this regard, it is not relevant for the microbiome that interacts with a host to be of a species S1 or S2, as long as it properly performs the functions it has to perform in its interaction with the host, i.e., as long as the new species carries the traits that are holobiont adaptations. Thus, the holobiont can support structural changes in its microbiota species-composition without losing its identity.

In the case considered here of the evolution of sanguivory in vampire bats, the function of the microbiome depends on its capacity to guarantee that its interaction with the bat-host allows the bat-holobiont to realize sanguivory. Appealing to the notion of function is important since, as we argued, not every bacterial species in the microbiome is able to perform the accurate function when interacting with a host, either because they lack the genes/traits, or the capacity to carry out the required activities (Maynard-Smith and Szathmary, 1995; Dethlefsen et al., 2007). Thus, not all the taxa that compose the microbiome are parts whose elimination would alter the persistence conditions of the holobiont. Only these elements that perform an accurate function (i.e., only those traits that, according to our account, are etiological adaptations of the holobiont) are taken as parts of the holobiont whose disappearance would lead to a disruption in the identity conditions of the holobiont. Given this, as long as these traits and the function they perform is maintained, the rest of the elements that compose the microbiome of a holobiont can change without affecting its persistence, and therefore, without affecting its identity. Thus, those changes in the microbiome that do not affect its function (and thus, its functional traits) are possible without affecting the persistence conditions of the holobiont. In this vein, the identity of the holobiont is a result of the interactions between the host and the etiological adaptations of the microbiome that are etiological adaptations of the holobiont. This form of identity, insofar as it occurs among different individuals (i.e., the traits are borne by different genomes), takes the form of an inter-identity.

So far, we have explained the persistence conditions of holobionts, i.e., the type of changes that holobionts could support without losing their identity. This, though, raises a question about the type of changes that would directly affect holobiont persistence and, thus, holobiont identity. According to our emergentist approach to the individuality of holobionts, there are three different -although related- changes the holobiont cannot support: the total absence of a host, the total absence of the microbiome, or the absence of an adequately mediated host-microbiome interaction. This is so since, without any of these relata, the set of biological and dynamical processes that gives rise to the holobiont, and to its specific properties, disappears. If at some point between t1 and t10, the host that interacts with the microbiome and that is a part of the holobiont is killed, the holobiont could not continue persisting and therefore, its identity would be lost. In the same way, if, at some point between t1 and t10, the holobiont loses its microbiome, then it would disappear as well. In the former case, there would only be a set of microbes living on a dead body, but not a holobiont, whereas in the second there will only be a bat, but this would not be able to manifest sanguivory, as it would lack all the microbiome traits that make it possible.19 Finally, a third possibility that holobionts would not support is the lack of host-microbiome interaction. If at some point in time the host and the microbiome are together, but they stop interacting -either because the host dies, or because the microbiome becomes “denaturalized,” i.e., it loses its functional specificity-, the holobiont loses its persistence conditions and thus it ceases existing. This is so insofar as the holobiont results from the interaction between the host and its microbiome, which generates etiological adaptations that either of them would lack separately.

Taking all of this into account, we conclude that the identity of the holobiont is established both by the properties of its component parts that give rise to the existence of the holobiont as an emergent individual, plus those that result from their interactions with each other. Therefore, we consider that the identity of the holobiont can be better conceived of as a form of inter-identity. That is, an identity that results from the interaction of different elements whose identities contribute, simultaneously, to the identity of the emergent individual (the holobiont). The way in which the holobiont maintains its identity, thus, is through maintaining its etiological adaptations, which are the ones whose evolutionary existence is explained because the holobiont exists.



CONCLUSION

In this paper, we have shown the utility of approaching pressing biological questions by appealing to metaphysical notions. Our approach follows a growing tendency in contemporary biological and philosophical research that consists in combining scientific practice with the use of the metaphysical discourse to clarify some scientific debates (Boogerd et al., 2005; Dupré, 2012, 2015; Mumford and Tugby, 2013; Guay and Pradeu, 2014; Austin, 2016, 2017; Waters, 2017; Austin and Nuño de la Rosa, 2018; Nicholson and Dupré, 2018; Laplane et al., 2019; Triviño, 2019). Concretely, we have shown how approaching the concept of holobiont adaptation by appealing to the notions of emergence and inter-identity allows to shed light on some of the perceived issues in contemporary hologenome literature. In this regard, we have shown that the concept of the holobiont is indispensable if one aims to explain the etiological origin of some adaptive traits, because the historical reason why these traits have not become extinct lies in their contribution to allow the existence of a particular phenotype in the holobiont (sanguivory, herbivory, niche adaptations, etc.), rather than in their contribution to the fitness of the bacterial taxa that bear them. For that reason, we argued, these traits are etiological adaptations of the holobiont and dispositional adaptations of the taxa that compose the microbiome. This view of the holobiont as an emergent biological individual that manifests adaptations allows to capture this evolutionary dimension of the holobiont without equating the individuality of the holobiont to the co-speciation of the taxa that compose it20.

Secondly, we have developed the concept of inter-identity to account for the persistence conditions of the holobiont. We argued that some criticisms to the individuality of the holobiont are based on the lack of clarity about the persistence conditions of the holobiont. Concretely, they are based on the notion that the disappearance or partial substitution of some of the species or taxa that compose the microbiome of a host would lead to the destruction of the identity of the holobiont. We have built on our emergentist conception of the holobiont to explain why that characterization of the identity conditions of the holobiont is mistaken, and have elaborated the notion that the holobiont can be considered the same entity insofar as the interactions between the host and the etiological adaptations of its microbiome (but not necessarily the taxa that bear them) are maintained.
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FOOTNOTES

1
We will use “adaptation” and “adaptive trait” as synonyms; that is to say, a trait will be considered an adaptation if and only if it is an adaptive trait.

2
Besides etiological and dispositional approaches, some authors have proposed a pluralist account to biological functions (Millikan, 1989; Godfrey-Smith, 1993, 1994) according to which both approaches need to be considered in order to explain different aspects of biological phenomena. Alternatively, unitary accounts argue for the possibility of elaborating a theoretical framework that covers the advantages of both etiological and dispositional accounts of biological functions (Kitcher, 1993; Walsh, 1996; Mossio et al., 2009). Since it is not the purpose of the paper to go deep in the characterization of the different accounts of functions and adaptations, we just present here the two main accounts of functions that have been offered.

3
Elisabeth Lloyd also uses the concept of “beneficiary of adaptation,” to refer to the entity that ultimately benefits, in the long term, of the adapting process. She does not develop the notion further, but for what she says, she seems to be referring to the set of genes or alleles that are the long-term survivors of the selection process. To avoid misunderstandings, in this paper we will not discuss Lloyd’s concept of “beneficiary of adaptation.” Thus, when we say that an entity (e.g., a bacterial taxon) opportunistically benefits from having a trait, we do not mean in any sense that the bacterial taxon is the beneficiary of that adaptation, but rather than it obtains an immediate benefit of bearing it in a particular context (the host niche).

4
One reviewer has correctly pointed out that the literature on biological individuality is far larger than we show, and thus our election of the concept of “manifestor of adaptation” to pick up biological individuals seems ungrounded, or de-contextualized. We agree with him/her that the debate about biological individuality is large, and there are many other conceptions that may also deserve discussion -e.g., Darwinian individuality (Godfrey-Smith, 2009, 2015), or immunological individuality (Pradeu, 2010, 2012), as the reviewer correctly points out. However, we do not agree that our choice of the concept of manifestor of adaptation is ungrounded: on the one hand, our paper is about the concept of hologenomic adaptation, and thus it seems that the more appropriate concept of biological individuality to discuss adaptation is the concept of manifestor of adaptation, which was precisely envisioned for that task. On the other, because the concept of the holobiont has already been discussed extensively from most of the other perspectives (e.g., Suárez, 2018 for a review), while the concept of manifestor of adaptation had only be referred to in some papers (e.g., Roughgarden et al., 2017; Lloyd and Wade, 2019), but not adequately developed.

5
Ontological emergence refers to a kind of objective properties that exist in the world, whereas epistemological emergence refers to those properties that humans characterize as such due to our own limitations in our way of knowing or explaining them (van Gulick, 2001; Wilson, 2016). Although there is a relation between ontological emergence and epistemological emergence, this relation is something that needs to be studied separately (see Wilson, 2016). As our main interest in this paper is ontological, we will not explore the epistemological consequences that follow from the ontological characterization of holobionts as emergent entities. The important idea here is that we do not identify, as other authors do (see Chalmers, 1996; Bedau, 1997; Silberstein and McGeever, 1999), epistemological emergence with unpredictability, and ontological emergence with irreducibility. Notions such as prediction and reduction are part of the epistemological characterization of emergent properties, and they are not at stake when we refer to ontological emergent properties.

6
For example, the determinable/determinate relation -e.g., the relation between shape and its specifications (rectangular, oval, etc.), or the relation between color (red) and shades of color (maroon)- is said to be given by means of non-reductive realization (Wilson, 2016), whereas the most common form of dependence in the field of quantum mechanics is considered to be fusion (Silberstein and McGeever, 1999).

7
For the characterization of the notion of dependence based on causation see O’Connor and Wong (2005) and Wilson (2016).

8
We will use the concept of “top–down effects” to refer to what philosophers conventionally call “downward causation.”

9
Our account of the individuality of the holobiont as an emergent entity differs from other accounts that have appeared in the biological and philosophical literature. Previous accounts of the individuality of the holobiont have emphasized its interactive nature (Zilber-Rosenberg and Rosenberg, 2008; Dupré and O’Malley, 2009; Gilbert et al., 2012; Rosenberg and Zilber-Rosenberg, 2013; Gilbert and Tauber, 2016; Gilbert, 2017). However, they had not paid enough attention to the capacity of the holobiont to downwardly act on the parts at its lower-level, a capacity that derives from its emergent nature as the manifestor of adaptation. Drawing especially on this second feature, we have argued that the holobiont is an emergent individual due to its capacity to realize sanguivory and, as a consequence, to downwardly act on the “lower-level parts” that compose it. Our account is thus new in the sense that it introduces an explicit view about how downward or top-down causation can be possible in holobionts, and why it is important to consider it.

10
Even though Mendoza et al. (2018) do not specifically study the influence of the microbiome on the host genome (although this can be inferred from their results, and their genomic analysis), a very recent study by Rudman et al. (2019) on Drosophila melanogaster clearly reflects this dimension, and thus the top-down effect that holobiont organization can have on the host genome. Concretely, in their study, Rudman et al. proved that the microbiome shapes the pattern and process of genomic adaptation, playing an important role in host genomic evolution. In our view, though, this role of the microbiome is a consequence of the top–down effects that the holobiont has on each of its components.

11
In a sense, as Adrian Stencel (personal communication) has pointed out, our emergentist view of the holobiont sees the hologenome as an “extended genome” (rather than an holo-genome, if “holo” refers to the set formed by the host genome plus the collection of microbial genomes), if the latter is conceived as a collection of genetic material in a lineage that, due to common interests, tends to favor similar phenotypes (Stencel and Crespi, 2013). Even though we agree with him that this would be possible, we still believe that the connection between both ideas requires further development.

12
We would like to thank the useful comments of an anonymous reviewer who made us notice this point.

13
For a different interpretation of Brucker and Bordenstein’s results, see Stencel and Wloch-Salamon (2018).

14
This claim is metaphysically correct as long as the changes do not affect the own essence of the entity itself. This would occur if the change causes the entity to cease existing, for instance (Lowe, 2002).

15
This aspect of identity refers to the so-called “persistence question.” There is also another form of approaching the identity question, i.e., by considering the conditions that make possible to differentiate one particular entity from another, numerically distinct. This is the so-called “distinguishability question” (Wiggins, 2001; see also Lewontin, 2000; Pradeu and Carosella, 2006). In this paper, we will only focus on the persistence question when talking about the identity of the holobiont as a biological individual. The distinguishability question is easier to solve insofar as two holobionts can be distinguished due to the different host that compose them (Bordenstein and Theis, 2016).

16
This claim needs some clarification, for it may lead to a misunderstanding. Contemporary microbiome research suggests that once the microbiome is acquired, its composition remains more or less stable during the host’s lifetime. However, it may also suffer severe environmentally driven perturbations, or it can also change in different stages of the life of the host (birth, aging, etc.) (Gilbert and Chiu, 2015; Uhr et al., 2019). This is the type of instability we refer to in this section.

17
In this regard, it is important to specify that the watch can be decomposed only into its mechanical components, and this requirement is part of its persistence conditions. It is not possible, for example, to decompose the watch into atoms without it ceasing to exist, for its nature does not allow this possibility to occur (Lowe, 2002).

18
In this case, we are considering changes that are part of the persistence conditions of both, the host and the microbiome.

19
Indeed, some of the experimental procedures that are used to study host–microbiome relationships clearly illustrate the point we are making about the persistence conditions of holobionts. For instance, Brucker and Bordenstein (2013b) experimentally proved that hybrid lethality disappeared if the microbiome is removed. And the same type of reasoning can be applied to vampire bats, or to herbivory.

20
Lloyd and Wade’s (2019) concept of “demibiont” would have similar consequences.
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We propose a view of identity beyond the individual in what we call interpersonal inter-identities (IIIs). Within this approach, IIIs comprise collections of entangled stabilities that emerge in recurrent social interaction and manifest for those who instantiate them as relatively invariant though ever-evolving patterns of being (or more accurately, becoming) together. Herein, we consider the processes responsible for the emergence of these IIIs from the perspective of an enactive cognitive science. Our proposal hinges primarily on the development of two related notions: enhabiting and coenhabiting. First, we introduce the notion of enhabiting, a set of processes at the individual level whereby structural interdependencies stabilize and thereafter undergird the habits, networks of habits, and personal identities through which we make sense of our experience. Articulating this position we lean on the notion of a tendency toward an optimal grip, though offering it a developmental framing, whereby iterative states of selective openness help realize relatively stable autonomous personal identities with their own norms of self-regulation. We then extend many of the notions found applicable here to an account of social coenhabiting, in particular, we introduce the notion of tending toward a co-optimal grip as central to the development of social habits, networks of habits, and ultimately IIIs. Such structures, we propose, also emerge as autonomous structures with their own norms of self-regulation. We wind down our account with some reflections on the implications of these structures outside of the interactions wherein they come into being and offer some thoughts about the complex animations of the individual embodied subjects that instantiate them.

Keywords: enaction, interaction, identity, habit, enhabiting, coenhabiting, interidentity, individuation

We are all lichens.

Gilbert et al. (2012, p. 336)

Others, then, exist inside us, side by side with the person we are to ourselves.

Knausgaard (2017, p. 106)

Do I contradict myself? Very well then, I contradict myself.

I am large, I contain multitudes.

Whitman (2001, p. 53)


INTRODUCTION

Interpersonal relationships have a certain stickiness to them. With help from some observations of social life, in this article, we probe into this stickiness to unravel its underlying dynamics. Imagine being in the company of an old friend and how you might experience ‘falling into’ particular patterns of being together when in their presence (Fuchs, 2017a). Without any conscious effort you take up an accent, gestures, entire patterns of being you have not wielded since you last met. The relative ubiquity of such experiences invites us to attribute some characteristics to the patterns themselves, e.g., that they have a relatively invariant identity over time (maybe recognizable in a particular accent); that they somehow transcend us as individuals, seeming to unfold with an autonomy of their own (neither of you have used those words since you last met, and yet you cannot seem to help yourselves). We propose to look at these patterns through the lens of an enactive approach to mind and present a conceptualization of the emergence of relatively invariant patterns in interpersonal relationships in terms of the individuation and enactment of interpersonal inter-identities (IIIs). We develop this concept in a way that expands the core enactive idea of autonomous self-production, whilst attempting to do some justice to the messy complexity and heteronomy of human social life.

Thomas Fuchs suggests the experience of ‘falling into’ a particular way of being when with a particular friend is dependent upon a dyadic body memory (Fuchs, 2017a, p. 339). This dyadic body memory, we claim, can be profitably illuminated and expanded in terms of an enactive account of the dialectics of autonomy, and the individuation of nested habits and networks of habits at multiple timescales that both organize and are organized by human social interaction. Such inter-bodily habits, goes the claim, arise within the dynamics of prolonged and/or recurrent social interactions through processes of coenhabiting: tending toward a co-optimal grip with respect to compatible concerns at multiple timescales, patterns of being together stabilize as autonomous socio-cultural structures, embedding in those that instantiate them IIIs, and thereafter shaping how they make sense together. Given the myriad social relationships available to us, we each play host to a multitude of IIIs, and given the relative autonomy of such identities and how their norms of self-regulation constrain the sense-making of their hosts, any embodied subject can be said to be partially animated by the identities it works to sustain within a given situation. Lived through by the myriad of personal and interpersonal inter-identities we help comprise, we are, thus, multiply animated.

In what follows we consider the processes that facilitate the emergence of these IIIs from an enactive perspective. We begin by reviewing Fuchs’ notion of the dyadic body memory and how it supports the emergence of relatively invariant ways of being together. We then outline some of our reasons for moving beyond this notion, ultimately suggesting that it can be further elaborated through the enactive notion of autonomy, a move that Fuchs himself seems to endorse but does not offer any details on (2017). We then look more closely at the enactive notion of autonomy, suggesting that it should function as a set of heuristics with which to make intelligible processes that support the ongoing individuation of stable identities. Here we lean on recent developments within enaction that characterize autonomy in terms of a dialectic between processes of self-production and processes of self-distinction (Di Paolo et al., 2018). We wrap up this section by suggesting how these ideas offer a good leading off point when attempting to make intelligible the processes of individuation that characterize the socio-material domain. At this juncture, we come to the central notions of enhabiting and coenhabiting.

First, we introduce the notion of enhabiting as a set of processes at the individual level whereby structural interdependencies stabilize and thereafter support the habits and identities through which we enact our worlds. Here, we lean on the notion of a tendency toward an optimal grip (e.g., Merleau-Ponty, 1945; Dreyfus, 2002; Bruineberg and Rietveld, 2014; Kiverstein and Rietveld, 2018), though employing it within a developmental framing, whereby iterative states of selective openness help realize relatively stable self-producing personal identities. We then extend this to an account of coenhabiting, a joint process that facilitates the individuation of interpersonal inter-identities through tending toward a co-optimal grip. To make our point we consider how when recurrently coordinating together toward compatible concerns at multiple timescales, nested autonomous patterns emerge with their own self-generating norms, and which are the property of the interactive system in its socio-material milieu. We speak about the evolving webs of such patterns that characterizes any recurrent social relationship in terms of interpersonal inter-identities. In the closing section, before concluding, we point toward some corollaries of the main account: firstly, what we refer to as trans-situational concerns, i.e., the beginnings of an account of how the dynamics that underwrite the emergence of interpersonal inter-identities continue to shape various modes of individual sense-making even when apart from real-time reciprocal interactions; and secondly, we characterize the embodied subject as being multiply animated, i.e., something that not only lives through the identities it manifests in relationship with others, but is also lived through by them and the larger entities that give those identities shape, e.g., the trans-individual habitus that operate at more distributed spatiotemporal scales than the interpersonal inter-identities accounted for here (Bourdieu, 1977).



DYADIC BODY MEMORY AND BEYOND


Dyadic Body Memory

We all have old friends or family members, with whom, when we meet, we are surprised to find ourselves acting in ways, in our speech, in our gestures and so on, that we have not done since last we met. We might say things like “something about being with you just brings it out of me.” For Thomas Fuchs, such invariances rely upon what he terms a dyadic body memory, wherein any “particular interaction, when repeated, acquires its own history, thus pre-figuring and constraining future interactions between the respective partners” (Fuchs, 2017b, p. 204). What emerges is a ‘joint procedural field,’ that preordains certain interactional dynamics, e.g., particular postures, gestures, accents, dialects, and so on. Such a field might also include relatively invariant patterns of joint acting, e.g., the action arches observed in the relationship between child and caregiver during nappy changing, wherein with repeating instances there can be observed a characteristic beginning, middle, and end to the action (Rossmanith et al., 2014)1. Under such conditions, one often has the feeling of falling into patterns of acting, characterized by what Fuchs refers to as a kind of “unintentional entrainment” (Fuchs, 2017a, p. 339).

Fuchs employs the example of a pair of dancers to illustrate how such a form of memory serves the dyadic system. When the music comes on and the dancers engage, they enact, suggests Fuchs, the “spatiotemporal gestalt of the dance, which in turn draws them into its dynamics” (ibid). This entails a ‘mutual incorporation’ wherein each dancer incorporates the body of the other and body schemes extend and connect to form an overarching dynamic system (Fuchs and De Jaegher, 2009). Over time there emerges, from acts in which each partner learns to compensate for irregularities within their partner’s bodily comportments as directed toward the dance, what Fuchs calls a “harmonic, sinusoidal coordination of movements” (Fuchs, 2017a, p. 339). “Modifying Merleau-Ponty’s notion,” Fuchs continues, “we might speak of an operative we-intentionality, since for the skilled agents, the goal of the joint action is achieved through such habitual and largely prereflective bodily attunement” (ibid). And so, much like any individual’s ongoing action is constrained by a background of habitual dispositions and tendencies, the multi-agent system accrues a similar structuring, its actions proceeding according to comparable habitualities.


Moving Beyond Dyadic Body Memory

The conceptualization of dyadic body memory points in the right direction, that of widely distributed dynamics not exhausted through methodological individualism. However, we move beyond this account by explicating: how the enactive notion of autonomy helps reveal levels of cultural complexity – embodied in, for instance, a moment of dancing – that exceed the ‘sinusoidal coordination of movements’ and apply equally to less obviously ‘embodied’ gestalts’; how the patterns that comprise these interactive dynamics at shorter timescales (e.g., a ‘first’ dance between newlyweds) simultaneously borrow from and transform patterns that function at longer timescales within the socio-material niche (e.g., first dances on wedding days); how many of the norms of social interaction are embedded in trans-individual structures at multiple scales that work to sustain themselves as such; and, how the structural modifications that take place in social interaction continue to shape the sense-making of the individuals who comprise those interactions even when apart from them. Let us now consider an example that will help us to grasp the rich ecology of stabilities and evolving patterns that comprise any well-developed III.

Newly wedded P and S are moving their things to their new home together and must jointly load furniture into a removal van. When the couple come together to enact their identities as movers, they bring to the interaction a host of previously sedimented dynamics – stabilized in the context of their individual and shared concerns – that inform the activities of jointly lifting furniture into the back of the van. Thus, what emerges and stabilizes within the interaction is nested within dynamics of bodily capacities, but also of being newly wedded, of being in a relationship with particular role dynamics, of being in a particular culture in which marriage has a particular significance, and so on. In other words, what emerges as stable cannot be limited to an understanding of habitualities of the limbs (the ‘sinusoidal coordination of movements’); rather in stabilizing habitualities of the limbs, in sedimenting coordinated bodily dynamics, P and S produce and reproduce relatively autonomous structures at multiple scales with their own self-regulating norms, and in so doing also transform, however trivially, the larger habitus from which they borrow, e.g., how they enact their marriage feeds back into the habitus of marriage as enacted within their culture, and the sense of how it should be enacted. The ‘goal of the joint action’ for them is not only some task that specifically entails the coordination of joints and limbs, but also something akin to the maintenance of their interdependence; that is, enacting a concern for reproducing a kind of bond between each other and their socio-material milieu. We not only sediment ways of doing together, but rather, and more encompassingly, ways of being together. In other words, we are not simply enacting a joint procedural field, but rather, compatible interpersonal inter-identities that should be understood as constitutively dependent upon the socio-material constraints of the environment also, the meanings of which are transformed as they are introduced into social interaction.

The concept of III captures the right depth and width for a unit of analysis concerned with the socio-material complexity of human social individuation. Peering through the wide window offered by this unit of analysis, we observe a developmental whole comprised of the interdependent participation of various structuring patterns, each with unique life-cycles and spatio-temporal scales of transformation. On one end of the scale, short-lived patterns emerge and dissipate according to local constraints and contingencies of face-to-face interaction (think patterns of limbs lifting furniture together). On the opposite end of the scale, life long interpersonal relationships reshape a larger and publicly shared habitus (think marriages). The various life cycles and stages of such patterns may be seen as part of a coherent thread. This thread, which we identify as interpersonal inter-identity, need not be continuous in all its aspects, but just like a rope can be made up of multiple discontinuous pieces of fiber. In this way, there are patterns that live and die within the spatiotemporal horizon of a particular form of III, while there are other patterns that pre-exist and survive trans-generational change yet stay alive precisely by means of their integration within IIIs that characterize a multitude of interconnected social relationships.

From the example above we can start to see the different fibers that intertwine to form P and S’s thread of ‘being together,’ what their inter-identity is made up of. Dyadic body memory serves as a starting point for the analysis of this thread. It points to the visible and phenomenologically intuitive effect of a conservative tendency that both structures recurrent interpersonal encounters and is (re)structured by them. However, entangled with such dynamics are the norms – as instantiated in the signs and narratives of our cultures – that help us structure our interpersonal interactions and give them meaning, norms we borrow from a larger socio-material legacy but which are also transformed in our interactions to again become part of that legacy. Thus, what the individuation of IIIs points toward is not simply the sedimentation of patterns within the dyad or group, but also the processes by which the slowly-changing habitus are transformed within the dynamics of the interactions that comprise them.

Moreover, interpersonal relationships and the dynamics that support their successful enactments do not simply go dormant in the times between situations of face-to-face encounter. Clearly, in everyday life, people coordinate their behavior with respect to locally absent others. Romantic relationships offer rich examples of this phenomenon: persons ‘think’ and even dream of their loved ones, imagine activities for future encounters, invest time in the maintenance of shared homes, and generally behave with recourse to expectations about the continuation of relationships. Relationships, not only romantic ones, stay alive by alternating between dynamics of close range interaction and the dynamics of anticipation that constitute a continuing bond between persons. Indeed, our sense-making is constrained by the realities of such relationships even when we do not have some specific absent other in mind but encounter situations that reflect concerns that are relevant to the webs of interrelated patterns (IIIs) that characterize those relations. We return to this point later under the heading of trans-situational concerns.

We propose that the dyadic body memory underlying intercorporeal structures can be elaborated using the enactive notion of autonomy and the development of a notion of IIIs. Indeed, Fuchs himself writes that “intercorporeality… may also be regarded as an overarching system which over time gains its own pattern, autonomous dynamics and peculiar history” (2011, p. 205); and that, embodied interaction can “give rise to self-sustaining interaction patterns that go beyond the behavioral dispositions of isolated individuals. They may be attributed to a memory of the intercorporeal system and its partially autonomous dynamics …” (ibid, p. 206). Of course, there is an extensive body of literature pertaining to notions of social and/or ‘collective memory’ (e.g., Sutton, 2008; Wertsch, 2009; Michaelian and Sutton, 2017). However, the Fuchsian position is the first that we are aware of to point to the enactive notion of autonomy as a potentially central concept. Given the centrality of this concept to our account, we have chosen to use Fuchs as our leaving off point. That said, having developed our basic account from this new starting point, there will no doubt be much to be gained from future engagements with this body of work. The autonomous dynamics of the ‘overarching system’ we take up in the next section, suggesting how the dialectics of autonomy as articulated within recent enactive accounts provides a useful set of heuristics from which to begin our investigation into the processes of individuation responsible for the emergence of IIIs.



AUTONOMY, INDIVIDUATION, AND INTERPERSONAL INTER-IDENTITIES


Autonomy as a Heuristic for Ongoing Individuation

In this section, we consider the enactive notion of autonomy as a primary heuristic for making intelligible some of the sociocultural processes relevant to the individuation of IIIs. This account is an elaboration of Fuchs’s notion of dyadic body memory, but also an effort to move beyond some of the limitations we see there. We begin by considering the dialectic account of autonomy as explicated by recent enactive accounts (Di Paolo et al., 2017, 2018), and then go on to suggest how this might inform our present position. These recent accounts offer a helpful characterization of autonomy, conceived of in terms of a temporally distributed dialectics between processes of self-production and processes of self-distinction responsible for the ongoing individuation of entities in a given domain. See Figure 1 for a graphic representation of these processes. Self-production, represented by the graphic in the top right-hand corner of Figure 1, describes an openness on behalf of a given entity to the flows of energy and matter available in one’s environment. Maximizing the dynamic of self-production means being totally open to all flows, as Di Paolo and colleagues put it, “the ideal condition for self-production would be one of total openness … [wherein] … every possible flow of matter and energy is taken advantage of” (2017, p. 133). But such a dynamic on its own would not facilitate individuation, for there would be no distinction of the entity from the environment. Self-distinction, on the other hand, represented by the graphic in the top left-hand corner of Figure 1, entails distinguishing oneself from one’s environment. An ideal realization of self-distinction would entail a relation of “total robustness to any environmental influence” (ibid). But again, if this were the only dynamic operative, individuation would be impossible, for self-production in any form ceases to be a possibility. Thus, in isolation neither dynamic is sufficient for individuation, for each in principle negates the other, however, when held in dialectical tension over time – a dynamic represented by the graphic in the bottom of Figure 1 – adaptively opening oneself up to or closing oneself off from this or that environmental condition (e.g., material flows, flows of energy, flows of information) provides the basis for the ongoing individuation of a given entity.


[image: image]

FIGURE 1. Self-production, represented by the graphic in the top right-hand corner, entails the effort to make oneself up from stuff available in one’s environment. Self-distinction, represented by the graphic in the top left-hand corner, entails closing oneself off from one’s environment. Held in dialectical tension over time, a dynamic represented by the graphic in the bottom, these dynamics provide the basis for the ongoing self-individuation of a given entity. Adapted and modified from Copyright Ezequiel Di Paolo 2015 as appears in Di Paolo (2018). This work is licensed under a Creative Commons Attribution-Non-Commercial-ShareAlike 3.0 Unported License.


Self-individuating entities demonstrate conservation tendencies, motivating activities that preserve their individuation as such, both by continuing to be open to the necessary flows and inhibiting any inward flow that might disrupt or threaten them. Within enaction, we speak about the activities that support these self-regulatory processes in terms of sense-making. The classic example of autonomous entities are living entities such as cells, however, there are other examples of autonomously individuating entities, such as habits (Egbert and Barandiaran, 2014; Egbert and Canamero, 2014) and networks of habits or micro-identities (Varela, 1991; Barandiaran, 2017), social interactions (De Jaegher and Di Paolo, 2007; De Jaegher et al., 2010), and even, in some accounts, structures of communication (Luhmann, 1992). Of course, it is not obvious how a habit or network of habits can be considered an autonomous entity in the way that a cell can, and given the centrality of the notion to the account under development here, it is worth elaborating briefly on why habits can be considered as such.

The development of the notion of habit is a relatively recent one (Di Paolo, 2003; Barandiaran, 2008; Barandiaran and Di Paolo, 2014; Ramírez-Vizcaya and Froese, 2019) within enactive cognitive science, however, it is an important one for it provides a “blending category between the biological and the psychological,” and what Egbert and Barandiaran call “a theoretical building block for an organicist conception of mind” (2014, p. 2). Habits, within the enactive account, are self-sustaining behavioral structures that maintain their own organization through the behaviors they produce (Di Paolo, 2003), or, “self-sustaining patterns of sensorimotor coordination formed when the stability of a particular mode of sensorimotor engagement is dynamically coupled with the stability of the mechanisms that generate it, and which is reinforced through repetition” (Barandiaran, 2008). Habit in this account is taken as demonstrating the same circular self-production as other autonomous forms, e.g., autopoiesis. A single habit, contends Barandiaran, provides “a first analogy with life and a first approximation to a sensorimotor conception of identity and normativity,” whereby “through repetition … a habit can take on a life of its own: it is both the cause and the consequence of its own enactment” (2017, p. 13). It is worth noting, however, that habit is not merely another name for the autonomous organization found in the relations between neurodynamic patterns (or other supporting structures) and particular behaviors, rather, it develops these relations further by introducing the notion of plasticity, whereby repeating a particular sensorimotor correlation reinforces the organization that supports it, which in turn reinforces the probability of that correlation being enacted in self-similar conditions the next time around, evolving and shifting in response to the demands of its deployment. What emerges within such a dynamical organization, within the habit, is a very minimal sense of identity, a focal point concerned with its own maintenance. And, given that any habit relies on certain conditions – rate of repetition, particular environmental structures etc. – boundaries of viability are enacted, stipulating certain conditions as required if the habit is to be kept alive, i.e., the norms of its own self-regulation (Barandiaran, 2017).

Within the enactive account, however, we also move beyond a single self-reinforcing habit to networks of habits. For Barandiaran the habit network is partly meshed within the brain, where much of the plasticity and selection lies, and, within a relatively complex brain the self-maintenance of habits needn’t be reduced to mere recurrent self-reinforcement but might rely on more “relationally complex, interdependent architectures” (ibid, p. 14) The general contention is this, if the network’s plastic interconnectedness is complex enough sensorimotor regulations will engender large scale equilibrating tensions within the network, whereby “sensorimotor compensations … take place to maintain the capacity of the agent to keep behaving coherently” (2017, p. 14). In other words, when the network has gained sufficient complexity, it’s self-conservation becomes its basic operational norm and it is motivated to act in ways that sustain its identity as such.

In what follows we suggest that habits and networks of habits are also operative in the relationship between recurring social interactions and their broader ecologies, and indeed, it is such entities and the relationships between them that make up the more encompassing entities that are IIIs (the ropes that bind the threads together).



Autonomy in the Socio-Material Domain

De Jaegher and Di Paolo write that a “history of coordination demarcates the interaction as an identifiable pattern with its own internal structure” (2007, p. 492). This “identifiable pattern” we can consider an individuating entity in the relational domain, a transient autonomous identity manifest for the duration of the enactment of the social interaction. However, it is the more fine-grained ‘structuring’ of this pattern that concerns us when speaking about IIIs, particularly as interactions become recurrent. Such structuring, we contend, is best thought about in terms of the coenhabiting of spatiotemporally distributed entities that shape the activity of those who enact them, whilst borrowing from and transforming a larger socio-material niche. In considering this account, however, it will be helpful for us to first reflect on the notion of autonomy as it applies to the social domain.

Reflecting upon the self-organized emergent order that characterizes his home life, author Karl Ove Knausgaard writes “If this didn’t happen on its own, at least it occurred without planning, and through all the 1000s of small daily adjustments that were made in order to make everything flow as easily and effortlessly as possible, patterns were created, eddies, ways of being, both in the children and in the parents” (2018, p. 35). Making intelligible these patterns, these eddies and ways of being; articulating the interbodily dynamics that underwrite these and the other examples we have been considering, we must first briefly consider the notion of autonomy within enactive approaches to understanding social phenomena. De Jaegher and Di Paolo (2007) contend that a very general form of autonomous organization emerges in any social interaction. When we coordinate our behaviors in interaction, the emergent dynamics dispose the interactors to sustain, modify, or terminate their encounter. The transient autonomous entity that is the social interaction thus instantiates a form of operational closure, wherein operations within the system relate to the perpetuation of other processes within the system in a closed-loop. This entity, the social interaction, De Jaegher and Di Paolo characterize in terms of “the regulated coupling between at least two autonomous agents, where the regulation is aimed at aspects of the coupling itself so that it constitutes an emergent autonomous organization in the domain of relational dynamics” (2007, p. 493)2. In acknowledging such autonomy we also recognize that such systems can sustain themselves beyond the concerns of their individual components, e.g., a conversation that persists despite neither party really desiring it to. These interactions cannot be reduced to the actions or intentions of either individual, but rather they install a “relational domain with its own properties that constrains and modulates individual behavior” (De Jaegher and Di Paolo, 2007, p. 494).

Some social interactions take on a historical dimension — i.e., sustained or recurring interactions — and take shape according to the coordinations, breakdowns and recoveries that constitute their history. As suggested also in the dyadic body memory account, these histories empower interactors to more easily coordinate ongoing interactions and recover from breakdowns. De Jaegher and Di Paolo also note that “we often perceive some interactions as improving over time, and recovery from a break down as a sort of learning” (2007, p. 496). Recall Knausgaard observation above about the patterns and ways of being that emerged “through all the 1000s of small daily adjustments that were made in order to make everything flow as easily and effortlessly as possible” (2018, p. 35). Learning happens in such interactions at multiple levels simultaneously. If we return to the earlier newlyweds example, P learns how to lift the chair with S who is much smaller than her and they come to habitually adopt that mode under such conditions; but the autonomous relational system P-S also learns to self-regulate under particular conditions so as to maintain its autonomy as such, and thereafter works to pull P and S into self-similar configurations under self-similar conditions. Through repeated interactions under varying conditions, a whole repertoire of self-regulating dynamics sediment in the relational system until what emerges is a network of more or less stable inter-regulating patterns. Such patterns demonstrate conservation tendencies as the norms of their own self-regulation, motivating activities that sustain their organization as such, pulling interactants into modes of being, often experienced as a kind of ‘falling into.’ This account differs from – though is perfectly congruent with – the account of participatory sense-making developed by De Jaegher and Di Paolo (2007), in so far as it acknowledges not just the emergence of a basic autonomous dynamic in social interaction, but the emergence of more fine-grained autonomous structures within the interaction, structures which are likely to facilitate the more general autonomy of the interaction, but need not act in this way. They are likely to largely because behaviors that maintain interactions have more opportunity to stabilize than those that lead to breakdowns; they need not facilitate the autonomy of the social interaction if is recurrent enough despite the breakdowns, e.g., a couple who have the habit of getting into heated arguments that instantly flair up and lead to breakdowns of the general autonomous dynamics of the social interaction.

When we consider the emergence of IIIs within interaction, we do so through the explication of a couple of related concepts (1) the notion of coenhabiting: a set of processes wherein the interdependencies that undergird the autonomous structures comprising IIIs are established within a given socio-material niche, whilst also transforming that niche at longer timescales; and (2) the notion of a co-optimal grip: a social extension of the notion of optimal grip – proposed by Bruineberg and Rietveld (2014) – in which living entities tend toward a more optimal relationship to their environment given their situated concerns. In the sections that follow we develop these concepts and their relations in some detail.



COENHABITING AND THE CO-OPTIMAL GRIP


Optimal Grip and Enhabiting Autonomous Identities

The tendency toward an optimal grip, as revitalized by Bruineberg and Rietveld (2014), is a sui generis form of intentionality that describes the tendencies of skilled human agents to strive for a better grip on their present situation by reducing ‘disattunements’ – experienced as ‘deviations from an optimum’ or ‘tensions to be reduced’ – between endogenous and exogenous dynamics (2014, p. 3). Illustrative examples might include adjusting your distance to someone ahead of you in a cue, finding just the right spot from which to regard a painting, or settling into position when taking a snooker shot. Depending upon the present concerns and abilities of the acting embodied subject, the environment will be encountered in ways that afford or ‘solicit’ some actions and not others, experienced in the form of tensions to be reduced. Such solicitations are said to be supported on the organism side of things by what Bruineberg and Rietveld – leaning on the work of Frijda et al. (1989) – refer to as patterns of action readiness, i.e., bodily states that exist somewhere between abilities and actual actions (2014). Thus, an organism tending toward optimal grip is constantly responding to solicitations, and, in so doing, re-organizing their patterns of action readiness, which in turn open up additional solicitations, which if acted upon lead to novel states of action readiness, and so on. Patterns of action readiness imply what Bruineberg and Rietveld term a ‘selective openness,’ such that when the embodied subject is organized according to some particular pattern of action readiness they experience pronounced sensitivities to certain features (extrinsic norms, signs, shapes, sounds, etc.) of their environment, and by implication limited sensitivities to other features. In acknowledging these dynamics, we can get a sense for how the autonomous dialectics described by enactive accounts show up in the perception and action of embodied subjects and how existing autonomous organizations can maintain their organization over time. And so, here we draw a parallel between the ‘selective openness’ that arises in the relationship between patterns of action readiness and particular environmental conditions, and the autonomous dialectics between self-production and self-distinction. Selective openness suggests something of a boundary in our attention and peripheral awareness. For instance, as well as moving toward certain features of my environment (including other social agents) and opening myself to their effects (acts of self self-production), I am equally as likely to retract from other features of my environment, or dampen their possible effects (acts of self-distinction). I am open, but selectively so. Not incidentally, the kinds of dynamics implied here are congruent with Kyselo enactive account of the ongoing individuation of the self (which is always-already social) when she writes about it as emerging through and from a world (Kyselo, 2014, p. 8). It is both dependent upon or participating with certain features of the world (self-production), whilst also emancipating itself from it by making distinctions (self-distinction). Part of what we are doing here is refining this language by suggesting that when tending toward an optimal grip, these dynamics of individuation manifest in the perception-action cycles of embodied subjects as patterns of selective openness, our attention being actively drawn to that which is relevant to the reproduction of the autonomous dynamics organizing attention in the first instance. Here then, we can say that the autonomous dialectics apply to the entity as a whole (i.e., brain-body-environment or multiple-brain-multiple-body-environment systems), but selective openness characterizes the means by which they show up within the perception and action of the subjects that are at their center. In sum, selective openness helps realize the general operative dynamics of multiple autonomous ecological entities acting according to the norms of their own self-regulation. Under this reading, “deviations from an optimum” can be seen as perturbations to the relatively sedimented autonomous dynamics that support ongoing individuation. And so, responding to such deviations is acting according to the self-regulatory norms of these entities, e.g., habits and networks of habits at various timescales. Here the notion of optimal grip quite straight-forwardly parallels the notion of sense-making, as it serves the ongoing regulation of some existing autonomous structure.

However, existing self-regulatory norms are not always adequate to situational demands, or indeed, norms motivated by structures at different timescales may be in some tension with each other. In such instances there may be no obvious ideal or optimal to return to, and thus, sense-making, understood as “the capacity of organisms to perceive their external environments according to norms … and to act according to these norms in a way that continually affirms and even strengthens the probability of their ongoing existence,” is not adequate (Weinbaum and Veitas, 2017), for it presupposes the autonomous structure that generates the norms in the first instance, and does not adequately account for its emergence3. It is here, then, that we must introduce the notion of enhabiting. Absent the guidance of the norms of previously existing autonomous structures, when tending toward an optimal grip, there is a more general situationally relevant norm at play, i.e., to establish an optimal position to one’s situation from which to act. Driven by such a norm – a kind of metastability seeking – we suggest that previously incompatible organizations can resolve into novel integrated organizations (Scott, 2014), bringing forth novel interdependencies between bodily and environmental structures, and facilitating the emergence of new self-regulating wholes. Such events are what we hope to capture in the notion of enhabiting. Selective openness then, is not limited to the self-regulating norms of existing autonomous organizations, but can also support the emergence of novel organizations: I am selectively open to that which serves the ongoing individuation of existing habits (sense-making), but also to that which serves the emergence of novel habits or the integration of existing ones into novel ones given situational demands (enhabiting).



Enhabiting the Pressure Passer

Consider the processes of enhabiting a ‘personal identity’ as a particular kind of Brazilian Jiu-Jitsu (BJJ) practitioner. Within BJJ the permutations of positions and strategies are vast and the practitioner cannot hope to develop proficiency in them all. This is understood by coaches. Thus, as well as demonstrating technique, their job at longer timescales is one of assisting the coachee in ‘finding their game,’ i.e., the set of proficiencies well-suited to their natural attributes. This process of finding and later refining one’s game can be viewed through the lens of enhabiting.

When first entering the gym, the ‘selective openness’ characterizing the absolute beginner – given their prior individuation as someone who enters unfamiliar communities of practice – is attuned to solicitations relevant to their immediate concern of finding their place in the group. They will be selectively open to, for instance, hierarchies of authority, permissible, and impermissible ways of comporting oneself, sartorial norms, and norms about how to receive instruction. An optimal grip at this point primarily pertains to finding a place from which to take up their position as a learner. Sensitivities to the details of the technique are not yet well-developed, however, iteratively responding to solicitations engendered by particular modes of selective openness; with time one transcends their identity as an absolute beginner, transitioning to a novice learner. Now, although sensitivities to the norms previously mentioned persist and continue to constrain activity, the acquiring of technique becomes the trainee’s primary concern. The dynamics of enhabiting are already at play here, however, the transition from novice learner to pressure passer will help us articulate them in detail, as this provides a more circumscribed set of processes for consideration.

For the first year or so as a novice learner, the typical coaching is to remain as open as possible to all the moves demonstrated. There are many reasons for this: for instance, it gives the novice learner enough time to get a feel for the primary positions and acquire some defensive and offensive options from them (e.g., from the ‘back,’ from the ‘mount,’ from ‘side control’); it also gives the learner the opportunity to discover what is well-suited to their natural attributes, personality, etc. Thus, at this stage – in broad strokes – we can say that the novice is selectively open to as much technique as possible; reflected, for instance, in their taking notes on all the technique demonstrated after each class. Sensitivities at this point tend to be to the coarse-grained dynamics of the movements, analogous to the novice guitar player who moves from one chord to another, but is not yet introducing flourishes into their transitions.

For those wishing to progress past the stage of novice learner, this mode of openness becomes somewhat problematic. Spreading their practice time across as much technique as possible, the practitioner can never hope to acquire any real depth of knowledge. By now, however, continually tending toward an optimal grip during practice and in conversations with coaches and training partners, when watching instructionals, and watching footage of professional fighters with similar attributes, the learner is developing sensitivities such that a certain ‘path’ of development solicits: one set of “tensions to be reduced” comprise solicitations of a more encompassing set over longer timescales. This is more commonly spoken about in terms of the emergence of a ‘game.’

As a novice learner, the norms that maintain the identity of our learner as a capable person are in tension both with his identity as a good student and the existing sensorimotor norms that organize the coordination of his muscles. Tending toward optimal grip, actions that best satisfy this stack of norms give rise to interdependencies that undergird novel, though, at this stage, relatively diffuse organizations, e.g., the habits and networks that support basic techniques. Our protagonist is a larger male who lacks the dexterity of his smaller and more athletic training partners. In the process of acquiring basic techniques some have a kind of stickiness which collectively suggest that he can use his weight and size to his advantage by maintaining top position. Working from these positions he is selectively open to opportunities to leverage them further and he begins to identify with them. Encountering the so-called pressure passing style, something like a game, a more integrated network of moves that work well together in a particular situation, begins to solicit. The sense of identification with grows, and the solicitations promise to resolve some lingering tensions. A new set of norms emerge pertaining to the pursuit of a particular path of development.

Having the physical attributes that he does, this proves a fruitful path for our learner, and his additional attention to its details leads to increased success in sparring. Now, he is selectively open to what might advance his developmental path further still and thus he becomes differentially sensitive to the affordances that reflect that path, whilst others lose their glow4. This implies a multi-scale process, dependent upon both local/situational solicitations, and solicitations at longer timescales (van Dijk and Rietveld, 2017). Welcoming completely novel environmental structures into our personal umwelts, or transforming the relations between structures already therein, such moments signal the integration of some previously diffuse or even disparate organizations into more integrated wholes and can have enduring transformations on what we are selectively open to in any relevant situation. Only in this context do the finer details of our learners ‘game’ begin to cohere, for now what he is selectively open to has been reduced from every bit of instruction in every class to the instruction that will help develop ‘my’ game. Here, he is undergoing a more holistic process of individuation, such that a relatively invariant domain specific autonomous whole emerges – a personal identity – with its own self-regulating norms and dynamics of selective openness, i.e., me as a pressure passer.

What we are describing are nested processes of enhabiting at multiple timescales in the context of a set of evolving and overlapping concerns5. To enhabit then, is to individuate, it is to construct through iterative processes of tending toward an optimal grip, identities that we not only bring into being through our activities, but identities we thereafter live within. In enhabiting, by manifesting novel structural interdependencies between body and environment, we transform impersonal potentialities into meaningful relations through which we make sense of our on-going experience.



Co-optimal Grip and Coenhabiting Interpersonal Inter-Identities

Being together implies an expansion to the degrees of freedom of the individual embodied subject, there is a lot more that can be done in orchestration with others. But this also expands the horizons of uncertainty; by multiplying the capacity and diversity of collaborative work we also expand potential sources of dis-attunement. This expansion, however, is counterposed by the incorporation of trans-interpersonal regularities and constraints available in the socio-material niche. The circular generative processes that characterize these transformations – which depend upon the regulation of processes of interaffectivity, joint action, and joint attention – we refer to in terms of coenhabiting. These are processes in which we are jointly “laying down a path in walking” (Maturana and Varela, 1987; Thompson, 2007). Importantly, following Stapleton and Froese (2015), we are not making claims here regarding the emergence of a collective subject, if understood to be a kind of collective first-person. Rather, we conceive of IIIs as entailing collective second-person perspectives, which can imply the realization of shared lived perspectives (ibid, p. 232)6. We agree with these authors that genuine collective subjectivity requires tight material integrity, a requirement that only multicellular bodies have. However, the shared lived perspectives characteristic of collective second-persons can be derived from the behavioral and affective integrity of social interactions, particularly as they become recurrent and sediment into compatible IIIs. In social interactions, the increase in tensions to be reduced relates in large part to the coordination of multiple nested self-regulating norms. In reality, any abstraction from the near-infinite number of self-regulating norms enacted in any embodied social interaction is going to be insufficient. Nevertheless, it seems there are some norms most of us most of the time are guided by when acting together. Here we abstract a couple of such norms as basic forms of concern present in most social interactions and we use them as a kind of prism through which to refract the processes of socio-material individuation (i) a general concern to “get along” (longer timescale); and (ii) a concern for “successfully acting together” (shorter timescale). The co-regulatory behaviors of interactants that allow them to maintain these concerns within what we might call their viability limits (experienced as forms of interactive stability or flow) can be seen as being shaped by what we refer to as a tendency toward co-optimal grip. Tending toward co-optimal grip, however, is not limited to the re-realization of existing concerns but can drive the emergence of novel concerns also. We will explore these ideas in more detail below. Achieving and/or maintaining interactive stability requires interactants being selectively open to features of the interaction itself and the normatively rich environment in which it is taking place. This necessitates those involved operating from what we might call states of sympathetic readiness. This can be supported by acting in accordance with basic co-available norms; for example, successfully ‘getting along,’ and ‘successfully acting together.’ However, much as in the individual case, they must also be sensitive to the solicitations that will better serve their integration and the emergence of novel shared organizations and their attendant self-generating norms. Here we can talk about the whole multiple-brain-multiple-body-environment system as enabling patterns of ‘selective openness’ in which the coupled interactants each demonstrate an openness or receptivity to certain features of their environments and effectively ignore or dampen the effects of others. Over time, such processes allow for the simultaneous gearing of individual participants into dyads and groups; and the gearing of dyads and groups into their broader socio-material milieus. Each component coenhabits synergistic interdependencies with the others comprising the larger whole and their respective environments; both transforming and being transformed by the larger whole in the process. However, they also enact distinctions from these larger wholes, thus participating in the coenhabiting of autonomous structures at multiple scales simultaneously. These processes motivated largely by a general tendency toward co-optimal grip – which we will develop in some detail now – support the emergence of autonomous socio-material structures from simple social habits and networks of habits to more encompassing IIIs.


Coenhabiting the Drilling Pair

We return to the domain of Brazilian Jiu-Jitsu. Our protagonists this time are two female competitors. We start the account where the primary concern is already successfully acting together. It is common in BJJ for the coach to demonstrate a particular technique using a subject picked from the coachees present, moving through the sequence a number of times, each iteration adding details or emphasizing some aspect. In so doing, they provide a set of co-available constraints with which coachees coordinate their drilling together. As well as coordinating according to the constraints supplied, successfully acting together and maintaining the ‘drilling’ dynamic depends upon both training partners being selectively open to (i) both intra and interbodily dynamics, such as, physical capacities, bodily dimensions, relative skill levels; and (ii) relevant environmental features such as available space on the mats, implicit norms of the gym, the time allotted for drilling etc. Being together under such conditions (ideally) takes the form of both partners acting together to assist in one another’s reproducing the instructions of the coach. Here we introduce the notion of a co-optimal grip.

In this example, co-optimal grip can take on a rather literal interpretation. For instance, when the ‘passive’ partner assists the ‘active’ partner to gain the optimal position – such as a grip on a lapel – so as to efficiently reproduce the technique. Enacting such a grip, interactants not only tend toward an optimal grip with respect to some shared concern but co-regulate their activities so as to enable optimality in their partner’s efforts also. This co-optimal grip when drilling within the general concern of successfully acting together is felt by our pair as an efficiency (a kind of shared flow) in the application of the technique under situational demands.

Throughout the actual drilling scenario, the dynamics of ‘getting along,’ on the other hand, manifest in a general care that training partners have for one another, and maintaining a co-optimal grip with respect to this often requires explicitly checking in. Although varying across gyms, drilling is typically initiated by a collective hand clap along the lines “Everybody got that? OK, 1, 2, collective clap,” after which pairs peel off7. When partners pair up they do not simply start drilling, but rather introduce themselves and shake hands (at least this is common practice in many Western gyms) if they have not met before, or maybe share some pleasantries if they have. Either way, just prior to drilling they will engage a ritualistic and ubiquitous hand-clap-fist-bump.

Although there is no striking allowed in most BJJ, there is significant bodily contact, each partner striving for control over the other’s body so as to be able to gain a submission, all the while being challenged with the full resistance of their opponent. One might speculate, given the intimacy of the sport, the ubiquity of the hand-clap-fist-bump helps initiate bodily contact in a way that frames what follows in terms of a general dynamic of comradery (such gestures are also ubiquitous before and after sparring), motivated by the concern to ‘get along.’ Tending toward a co-optimal grip throughout, drilling partners check in with one another as they go, indicating, often with grunts and hisses, if someone is being a bit heavy handed or less than cooperative. Anything that might threaten the dynamic of getting along is made up for with an additional hand-clap-fist-bump before returning to drilling. Gross deviations from optimal generate feelings of awkwardness, of shame or embarrassment, and require efforts from both parties to make right. If, for instance, one partner injures the other whilst being over-zealous, recovering the dynamics of ‘getting along’ relies as much upon the injured party’s graciousness in accommodating the apologies of the injurer as it does upon their displays of shame and making apologies.

Interestingly then, any activity at the shorter timescale of ‘acting successfully together’ unfolds against the background of ‘getting along’ and derives at least some of its meaning and normative value from such a framing. However, it also feeds back into it. What it means to “get along” is reciprocally entangled with what it means to “successfully act together.” Indeed, the norms of the gym described in the earlier example are also continuing to shape action and they also maintain such reciprocal dependencies. When tending toward a co-optimal grip all of these elements are simultaneously at play. Consequently, one might speculate, coenhabiting interdependencies is all the more probable to the degree that tendings toward co-optimal grip satisfy these nested concerns. In other words, if the manner in which the drilling partners carry out their drill also satisfies their concerns of getting along, the norms of the gym, and the intrabodily norms of the individual interactants, the pattern is more likely to be coenhabited than if it only satisfied one or another concern.

But tensions and incompatibilities are almost constant in social interaction. What we observe then, much as we observe in the individual case, is that when existing norms do not suffice for the ongoing regulation of the interaction, by maintaining the general dynamic of tending toward a co-optimal grip – a kind of social metastability seeking – novel more integrated organizations can emerge. Such dynamics become obvious, when, for instance, our training partners meet outside of the gym and the norms of their IIIs as sedimented in the gym during practice do not suffice to meet the demands of the situation. Indeed, the often rather humorous disattunements inspired by such instances are illustrative of the various normative dimensions of social interaction, dependent, as they are, both upon regulating with respect to existing autonomous structures and situationally tending toward co-optimal grip. For instance, you meet your colleague whom you have only ever interacted with in the seminar room by the fridges in the supermarket, and ‘fall into’ a conversation about philosophy that seems at odds with the situated norms of your interaction. In such instances, the self-generating norms of the previously sedimented structures that normally pull you into felicitous interactions do shape the interaction, but they prove insufficient and must be informed by the more situated norms characteristic of tending toward co-optimal grip. Such dynamics are always operative within recurrent interactions, we simply don’t notice them for the majority of our interactions, with people with whom we have not built up highly flexible repertoires of socially coordinating, occur within self-similar situations. We typically encounter our training partners at training, our colleagues at work, our house mates at home. Thus, our falling into particular modes of interaction are typically experienced as relatively well attuned to the environments in which they are occurring.

Being open to the features that maintain the interactional dynamics of getting along and successfully acting together also means being closed, in effect, to the myriad of other elements that the dyad could, in theory, be paying attention to, e.g., the mild injury one has in their knee; what their training partners are doing on the mats around them, the noises coming from outside the gym, etc. In other words, ongoing individuation at this level too depends upon the dialectics of self-production and self-distinction. Through their utterances, gestures, and the myriad ways they comport themselves when tending toward co-optimal grip, social interactants exhibit boundaries in the dynamics of their perceiving and acting that limit or possibly even dampen the potential effects of certain environmental features. In the BJJ case, this might show up initially as simply not paying attention to anything but the features relevant to the concerns we have spoken about. However, when interactions are prolonged, or when they become recurrent, the results from these processes become more pronounced. In our example, this initially evinces in the training partners focusing on some co-available feature of their interaction in defiance of their coach’s instructions, but as sessions iterate our pair work out a specific template that best supports their learning. With each iteration, and ongoing tendencies toward co-optimal grip, this basic pattern becomes more stable and more refined, coming to function like a template of interrelated anticipations and arches of action that acquire a degree of portability. Now, when they drill collar chokes instead of arm locks, they follow more or less the same template.

At a certain point, the template effectively disappears into the background like a mutually available but silent groove that acts as the backing for ongoing improvisations. Now, ongoing instructions from the coach about how to sequence the drill might be completely ignored, the patterns themselves emerging as wholes and leveraging the activities of their components in service of their reproduction. If, for instance, instruction is given to the class to go easy on a drill, the dyad that has coenhabited their own routine may fail in some genuine sense to even hear the instruction, simply falling into their previously sedimented patterns. In other words, the patterns come to organize the dyad as such, readying the interactants for certain kinds of collaborative acts under certain conditions, disposing them to be open to some features of their environments and effectively closed off from others.

Although we do not have the space to elaborate it much here, there is an interesting inter-regulatory relationship that exists between various autonomous patterns that emerge in social interactions. Take for instance the autonomous pattern comprising a particular network of social habits and the general autonomous pattern that is the social interaction. Not only do particular networks serve to shape the interaction according to particular norms, they also, typically, serve to maintain the dynamic integrity of social interactions on the whole. Indeed, when pulled into social interactions, particularly as they have taken on the feature of recurrence, such a pull is made all the more felicitous by the habits and networks we have established previously. In other words, the patterns we coenhabit take on a co-constitutive relationship with the basic pull to coordinate characteristic of social interaction. In this way, the recurrent autonomous social interactions generate and help maintain the various structures that comprise IIIs, and vice-versa. We might think of it like this, when interactions become recurrent we experience not just a pull to coordinate, but a pull into normatively infused patterns of coordination that facilitate ongoing coordinations, patterns infused with the coenhabited outcomes of previous interactions under self-similar conditions.

In summary then, through iterative and nested processes of tending toward co-optimal grip, inter- bodily dynamics, entangled with particular environmental features, sediment as autonomous ecological entities at multiple timescales, engendering relatively invariant patterns of selective openness that our training partners fall into during self-similar interactions. In short, what we are describing is the coenhabiting of interpersonal inter-identities that serve as the backgrounds within which we participate to make sense together, backgrounds which function a bit like a silent rhythm section that lays down a groove for us to either rehearse our well-worn tunes together or break out in improvisation, sometimes even changing up the groove in the process. Much like autonomously organized identities in other domains, such entities manifest norms of their own self-regulation. Consequently, when animated by such entities, acting in ways that do not accord with such norms are experienced as “deviations from an optimum,” thus soliciting actions that reproduce themselves as such. In this manner, we are lived through by such entities. Our individual tendencies toward an optimal grip and our capacities for habituation allow us to gear into patterns much larger than ourselves and thereafter act on their behalf, even when finding our own personal identities within them.



TRANS-SITUATIONAL CONCERNS

Previous sections have considered cases in which processes of (co)enhabiting both give rise to habituated identities at the individual level and interpersonal inter-identities in recurrent real-time reciprocal interactions, however, there are some corollary cases that we wish to briefly point to now, i.e., how concerns engendered as part of the IIIs that have arisen in real-time reciprocal interactions with others might contribute to the sense-making of the individuals who comprise those relationships, even when apart from such interactions.

In interaction with others wherein we engender IIIs, we coenhabit tendencies and capacities that are relevant to the maintenance of those interactions and the satisfaction of concerns that are present therein; we get a feel for the ‘games’ we are involved in and stabilize the skills necessary to play, or develop them further. If I am part of a community of Theravada Buddhist practitioners, in interaction with others in that community I am organized for interactions with them, which implies that I adopt concerns that are not unlike theirs in some key respects and stabilize ways of acting in relation to them (Loaiza, 2019); indeed, it is such shared concerns and acting in relation to them at multiple timescales that allow us to refer to ourselves collectively as Theravada practitioners.

These tendencies and their attendant bodily capacities are substantially grounded in the interdependencies between the bodily and environmental structures wherein they come into being, however, much of the value of such tendencies and capacities to me as an individual is that they can be enacted outside of their specific contexts, and thus, we recognize in them a degree of portability (Cuffari et al., 2015; Di Paolo et al., 2018). For instance, the bodily and environmental structures that undergird my capacities as a Theravada practitioner and the concerns they reflect, will be borrowed from during the enactment of my emerging interpersonal inter-identities if I find myself in the company of a community of Mahayana Buddhists. My new beginning is not always a radically new one8. Given that the Mahayana community shares many concerns with the Theravada community, finding my place in the new community is bootstrapped on my having found my place in comparable communities previously, the emerging interdependencies between bodily and environmental structures borrowing from existing dynamics first sedimented elsewhere. However, this kind of portability, we suggest, does not pertain solely to situations of real-time reciprocal interactions, but can also apply to situations in which, for instance, one merely anticipates the presence of another.

Consider another excerpt from Knausgaard, when he reflects autobiographically about his preparation to host his older brother and his brother’s friend in his new flat. He recalls the activities he underwent, all the while tending toward an optimal grip:

“I stood by the door and tried to see the room through Yngve’s and Asbjørn’s eyes. The typewriter on the desk, that looked good. The poster of the barn and bright yellow corn under the dramatic black American sky, that was good, a source of inspiration. The poster of John Lennon, (…) And my record collection on the floor against the wall, it was large and impressive, even for Asbjørn, who I was told knew what he was talking about. On the downside, the book collection was limited, comprising only 17 volumes, and I didn’t have enough experience of other collections to determine what impression the various titles made. Beatles and The Snails by Saabye Christensen couldn’t be too far wide of the mark though. The same was true for Ingvar Ambjørnsen. I had three of his books. I left Novel with Cocaine open on the table and placed a couple of issues of Vinduet next to it, one open, one closed. Three books open seemed a bit much, it looked arranged, but no one would be suspicious of two open and one closed, that was perfect” (2016, p. 45)

This passage suggests something about what is entailed in tending toward an optimal grip in a socially relevant situation even when not in real-time interaction with others it might concern. Knausgaard evokes an identity in his imagination; overlaying it upon the scene it engenders a constellation of tensions to be reduced. In Knausgaard example, his imaginings pertain to his imagined self as Yngve’s younger writer brother and his desire to gear into the world Yngve and his friend represent. The intricacies of such imaginal identities will not bother us here, however, it seems uncontroversial to claim that such an identity, whatever its explication, evinces concerns at least partially coenhabited in relationship with Yvnge, and an individual concern to individuate within the sociol structures Yvnge and his friend represent.

Of course Knausgaard cannot know what his visitors’ reactions will be and must rely upon reducing any disattunements engendered as he moves about making sense of the scene. But from where do the bodily structures that underwrite such disattunements come? A reasonable supposition seems to be that they are substantially those that also undergird the enactment of the IIIs to which they pertain. We are changed in our interactions with others, such that even when we decouple from them we do so in ways in which their concerns continue to shape our individual actions. Much as with concerns and attendant actions in the transition between Theravada and Mahayana communities, there appears to be a kind of portability here also, but here it is to situations that only virtually reflect something about the original relation. In the example above, Knausgaard sense-making is shaped by concerns originally stabilized in relationship with his brother and the socio-material milieu they collectively integrate with and transform when coenhabiting their IIIs, and what shows up as relevant in his environment is precisely that which allows him to continue that process.

One of the more possibly illuminating illustrations of such integrations is the example of someone purchasing an item of clothing. Our clothes are very often our first (re)introduction to others and can help establish the basis for certain types of coordination, whereby wearing one item of clothing or another can signal probabilities of being organized according to certain concerns within a given sociocultural milieu. Thus, whether conscious of it or not, our preference for some piece of clothing over another can be thought about in terms of a function of our tending toward an optimal grip when organized by an individual concern to synergistically integrate with a particular group/collective/other. The experience of preferring just that pair of shoes being also part of the dynamics that serve the (re)individuation as a component of that larger system.

If our individual concerns to integrate with particular social systems are central enough, they become interdependent with the concerns of that system such that even when apart from others with whom we comprise such systems, when encountering situations that are relevant to our collective concerns we are likely to act in ways that are congruent with them. Moreover, when we don’t act in manners that are congruent we are likely to experience some degree of disattunement, thus soliciting congruent actions, and in so doing inviting us to reproduce the socio-material order and its specific concerns, or to enhabit new ways of being that reflect our individuation in relationship to these larger structures. In the cases above it might be clearer which relationships inform which activities (e.g., it is primarily Knausgaard relationship with his brother that informs his activities when arranging his room; one’s desire to be part of the biker gang informs their decision to purchase the leather jacket), however, our sense-making predominantly operates within concerns sedimented in the coenhabiting of IIIs most of which are subtle and not as easily exemplified as our above examples (e.g., relationships with early caregivers, parents, significant others, colleagues and peers). In these ways, the social mind inexorably infuses the individual mind, and vice versa, and we must acknowledge any pure disentangling as utterly impossible.

Moreover, IIIs typically arise in the presence of institutional and cultural constraints and in so doing effectively act as components in the production and reproduction of those larger social entities. As we have already suggested, any particular individual will be a component in many such entities. But interestingly, the inverse relationship is also true, as much as any individual is but a component in the social whole, any social entity is but a component in the individual whole, indeed the individual is in fact a composite of the vestiges of many such social entities, who lie in wait for their reproduction in the furnace of some future social interaction. In sum, as much as we live within the multiple patterns that we coenhabit with others in our socio-material niches, we are equally lived within by them, we are animated by them. We are, in short, multiply animated.

An obvious corollary of this is that it makes little sense to speak of a unified, coherent self, and rather, the individual person, the embodied subject, is, in fact, an entanglement of personal and interpersonal inter-identities that take shape in the presence of certain conditions and certain others, and leave their dynamical traces and their attendant concerns to contribute to the whole in their absence. Such identities are not wholly distinct but are overlapping, interpenetrating, and inter-regulating and are brought into conversation with each other in situations that solicit more than one particular identity and its attendant capacities.



CONCLUSION

In the final sections we arrived at the idea that perhaps much of what characterizes individual sense-making at the personal level and outside of social interactions can be understood as the manifestation of concerns inextricably linked to our histories of acting together, i.e., as members of families, relationships, institutions, communities of practice, etc. From an experiential point of view, this equates with the felt sense of the relative stability and continuity of our personal lives across situations, particular groups of people, life contingencies, and distinctions between public and private spheres. In the account we have presented, this phenomenon points to the emergence and stability of interpersonal inter-identities. Persons not only show a spontaneous tendency to re-enact styles of bodily action in coordination with others with whom they have a history together, they also manifest stable and socially grounded dynamics that sediment in the longer/slower timescales. Consequently, we have developed an account of interpersonal identity that is not exhausted by instances of direct interpersonal interaction, – such as in participatory sense-making – and an attendant dyadic body memory. As such, we have tackled questions regarding the particularities of long-term histories of social interaction and illuminated some of the dynamics underlying the normative dimensions of social life.

Starting with the individual case we formulated the relationship between tending toward an optimal grip and the processes of enhabiting responsible for establishing interdependencies between bodily and environmental structures, which thereafter comprise the habits and networks of habits of individuals in their particular niche. We then extended these insights to the social domain. Working with the assumption that individuals very often encounter one another with already existing compatible concerns for ‘getting along’ and ‘successfully acting together,’ we formulated an account of how when acting according to these concerns and a general tendency toward a co-optimal grip, we can resolve incompatibilities and tensions in situated interaction into relatively stable, though ever evolving, patterns of being (or becoming) together at multiple timescales, from simple social habits, such as the coordination of limbs while lifting furniture; to more complex networks of habits, such as those that organize routines between training partners, or, indeed, those that characterize romantic relationships. We also suggested that in coenhabiting these novel patterns we reproduce or transform (however trivially) the trans-individual habitus wherein they come into being. Froese has recently suggested that the “formation of a genuinely collective social memory only requires that people are creatures of habit” (2018, p. 1). The account of IIIs developed here puts some meat on the bones of that claim. The ‘genuinely collective social memory’ might be envisaged like an ever-evolving collection of mutually supporting nets. Each net comprises a habitus, and each lattice of ropes the interpersonal inter-identities that characterize our social relationships, with all their individual yarns, and fibers, and intricate interdependencies facilitating their messy integration with the whole.
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FOOTNOTES

1There are empirically documented examples of more complex and spatiotemporally distributed patterns that nevertheless betray the same kinds of invariances, for instance, the strategies that long term running partners enact when traversing difficult paths (Allen-Collinson and Hockey, 2017).

2Much empirical work highlights a tendency for individuals in interaction to couple through their spontaneous coordination (e.g., Shockley et al., 2003; Richardson et al., 2007; Davis et al., 2016), and for autonomous dynamics to be at work in even the most minimal of embodied interactions (e.g., Auvray et al., 2009; Froese and Paolo, 2010).

3This limitation in the notion of sense-making has been pointed out by other authors also. Beaton (2014), for instance, asks “how can nonsense ever become sense for us, if perception only ever presents the world within the existing structures of our understanding?” (p. 153). See also James (in press) for an extended consideration of the limitations with the notion of sense-making and a more indepth treatment of the notion of enhabiting.

4Being animated so has the effect of engendering a selective openness in how one enacts their world, meaning that they will be open to certain environmental features, whilst appearing to dampen any potential influence of others, potentially making sensitivities to environmental features that do not serve the self-generated norms difficult or even impossible. The pressure passer, for instance, experiencing strong identifications with other pressure passers and receptive to participating with them, whilst being veritably insensible to someone extolling the virtues of the ‘leg lock’ game and maintaining strong distinctions in relationship to them. Infants, from as early as 5 months old (Marno et al., 2016), selectively attend to utterances from native speakers of their language, even showing a preference for learning from such speakers, suggesting a possible inhibitory effect mediating their response to non-native speakers.

5Importantly, these processes extend beyond the bounds of the gym and might also emerge during anticipatory acts, for instance, acts of thinking, imagination, languaging, e.g., when rehearsing particular moves and sequences of moves when lying in bed; or talking with a peer about the various aspects of ‘your game.’

6See said paper for a rich empirically informed discussion of these matters.

7The call and response within which the clap is enacted might be thought about as an instance of joint speech (Cummins, 2019) embedded in a social habit operative at a very short timescale.

8A related notion is observed by Merleau-Ponty also, when he writes about how a skilled organist can easily transition between organs without having to start again entirely from scratch (Mooney, 2012, pp. 146–147). Of course, it is not a direct translation into the domain of social interaction, but it seems uncontroversial to suggest that there are some parallels here.
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The aim of this article is to investigate the relevance and implications of synthetic models for the study of the interactive dimension of minimal life and cognition, by taking into consideration how the use of artificial systems may contribute to an understanding of the way in which interactions may affect or even contribute to shape biological identities. To do so, this article analyzes experimental work in synthetic biology on different types of interactions between artificial and natural systems, more specifically: between protocells and between biological living cells and protocells. It discusses how concepts such as control, cognition, communication can be used to characterize these interactions from a theoretical point of view, which criteria of relevance and evaluation of synthetic models can be applied to these cases, and what are their limits.
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INTRODUCTION

The last decade has been characterized by an increased interest in synthetic models of interactive biological phenomena, from the study of properties of collective prebiotic systems in origins of life scenarios1 and biological communication,2 to the exploration of the possible contributions of Synthetic Biology to research in Artificial Intelligence.3

The aims, scope and conceptual foundations of this enterprise are still in course of definition, and this article addresses some of the main conceptual issues raised by it. It focuses on how synthetic biology can contribute to the study of those biological and cognitive phenomena, such as for example communication, that arise in nature from the interaction between biological systems. In doing so, it takes into considerations different types of inter-systems interactions studied through synthetic models: structural and (minimally) cognitive. Structural interactions are defined as those interactions that directly affect the constitution of the system; cognitive ones as those interactions that are mediated by sensory–effector regulatory mechanisms.

This article discusses what kind of impact these interactions have on the systems involved, and whether and how they affect the identities of such systems. The “identity” of the system, in this context, is defined by the specific organization that characterizes it, and which is kept invariant despite the structural variations that may affect the components (Maturana and Varela, 1980).4 As part of the research topic “Inter-identities’ in Life, Mind, and Society,” this article analyzes how identities in interaction can be studied by means of synthetic biology. It is important to emphasize that synthetic models raise closely interconnected theoretical and epistemological questions in relation to interactive identities. The theoretical question is twofold. On the one hand it concerns the relationship between the identity of a system and its interactive capabilities, i.e., how the organization of a system specifies the types of interactions the system can participate in. On the other hand, it concerns whether and how interactions between systems may change their intrinsic properties. Yet analyzing models cannot be separated from the problem of assessing their relevance for studying cases of interacting identities in nature, and from the complex question of how to evaluate whether the models are successful or not in contributing to an understanding of these phenomena.

Accordingly, this article analyzes and discusses four different issues regarding interactive synthetic models: theoretical grounding, criteria of relevance, realization, and strategies of evaluation. To address the issue of the theoretical grounding of interactive synthetic models, in section “Theoretical Grounding: Structural and Cognitive Interactions” it provides a characterization of interactions at the specific level which is relevant for synthetic biology. Of particular interest in this context are those interactive properties that can be realized in synthetic biological systems through biochemical mechanisms. The paper adopts a specific theoretical account of minimal cognition based on the notion of biological autonomy to distinguish between structural and cognitive interactions and to provide theoretical tools for their synthetic investigation. It applies this framework to the analysis of those synthetic models that explore interactions – e.g., communication – between systems (i.e., between artificial systems, and between artificial and living systems), rather than between one system and its generic environment, and puts into evidence the main challenges they face.

On the basis of the theoretical framework proposed, section “Criteria of Relevance of Interactive Synthetic Models” provides an epistemological analysis of the criteria of relevance of synthetic models, and discusses how they apply to this specific scenario in which the focus is on structural and cognitive interactions.

The third issue addressed in this article is the realization of interactive synthetic models. The theoretical and epistemological tools developed in sections “Theoretical Grounding: Structural and Cognitive Interactions” and “Criteria of Relevance of Interactive Synthetic Models,” are employed in section “The Realization of Interactive Synthetic Models” to discuss experimental examples of two classes of interactive synthetic models, which cover different types of interacting entities at distinct levels of organization:


(1)Interactions between protocells.

(2)Communication between living cells and protocells.



Finally, section “Conclusions: Evaluation Strategies” discusses limits and merits of three different strategies of evaluation of interactive synthetic models: Turing tests, demarcating definitions, and operational approaches. It argues that operational evaluation strategies are the most suitable with regards to the types of phenomena described and theoretical questions addressed by interactive models.



THEORETICAL GROUNDING: STRUCTURAL AND COGNITIVE INTERACTIONS

In order to discuss the contributions of synthetic models to the study of biological and cognitive interactive phenomena, a theoretical framework is required. The framework adopted in this article is the organizational one, based on the notion of autonomy (Varela, 1979; Maturana and Varela, 1980; Kauffman, 2000; Moreno and Mossio, 2015). The notion of autonomy has been often applied in Synthetic Biology to study origins of life, minimal life (Luisi and Varela, 1989; Ruiz-Mirazo and Moreno, 2004; Luisi, 2006), and minimal cognition (Bourgine and Stewart, 2004; Stano et al., 2012; Bich and Moreno, 2016). This framework has also been used to develop epistemological tools to analyze synthetic models (Damiano et al., 2011).

According to this framework, a biological organization – such as a bacterium – is autonomous because it is capable of producing its own functional components and maintaining itself in far from equilibrium conditions. A living system cannot exist unless it maintains a continuous coupling with its environment, made possible by an internal dynamical variability, which enables the system to exert a fine-tuned control upon the exchanges of matter and energy with the surroundings and bring forth different viable responses to a variety of environmental perturbations.

In this scenario, the identity of the system is identified with its self-maintaining autonomous organization: the dimension of the system that is maintained invariant despite the continuous structural variations that occur as its components are synthesized, transformed and degraded and its dynamics are perturbed by interactions with the environment and with other autonomous systems. To analyze interacting identities from this perspective, it is necessary to consider (1) what types of interactions between biological autonomous systems are enabled by their distinctive organizations and (2) how such interactions may affect the identities of the interacting systems.

Let us start by considering how interactions are characterized within this framework. Traditional work on biological autonomy – in particular Piaget’s (1967) and Maturana and Varela’s (1980) – and more recent contributions (Stewart, 1992; Bourgine and Stewart, 2004) have defended the thesis, also known as the “Life = Cognition Thesis” (Heschl, 1990), according to which the interactive dimension of life is related to, or coincides with cognition. In this perspective cognition is defined as the interactions with the environment and the relative internal modifications that an organism can undergo without losing its identity (see also Bitbol and Luisi, 2004; Damiano and Luisi, 2010; Bich and Damiano, 2012). The thesis is based on the implicit assumption that living systems are adaptive, in the sense that they are capable of interacting viably with a changing environment by modifying their internal structures. Whereas a perturbation is just external influence for physical systems, living systems, instead, adaptively integrate, and transform it into a “meaningful interpretation” (Heschl, 1990, p. 13). However, the identification of minimal cognition with all the interactions an organism can undergo without losing its identity5 can be criticized as too broad, on the grounds that it would include: (1) cases of mere covariance between system and environment; (2) the metabolizing of environmental substrates; (3) purely mechanical interactions that cause changes in the systems involved (see also Bich and Moreno, 2016).

To provide a more precise account of the types of interactions biological autonomous systems can experience, and whether or not they may be considered as minimally cognitive, let us first consider which internal changes a minimal living system can undergo without losing its identity while interacting with the environment. According to recent developments of the autonomy framework, the internal changes an autonomous biological system can undergo fall into two general categories: dynamic stability and regulation (Bich et al., 2016). Dynamic stability is an internal response to interactions with the environment instantiated, for example, by the basic (first-order) metabolic network of processes of production of the components (e.g., enzymes catalyzing metabolic reactions) that realize the living system. It is a general network property: variations in a given process or subsystem can propagate throughout the living system, producing the change of one or several other processes which, in turn, compensate for the initial one. As a result, the system can be regarded as stable. At the level of the basic first-order metabolic regime of self-production and self-maintenance of the system, the compensation for perturbations occurs through reciprocal adjustments between the activity of components, such as enzymes, involved in processes of production, usually stoichiometrically, depending on changes in concentrations of metabolites. These internal changes support a type of interaction with the environment that relies on the structural plasticity of the system. These structural interactions are governed by first-order mechanisms and are the most basic responses a system can bring forth while interacting with its environment.

The second type of response falls under the category of regulation, and requires, instead, a more complex, hierarchical architecture. It consists in the capability to selectively switch between different basic (first-order) regimes of self-maintenance in response to interactions with the environment or to internal variations, due to the action of dedicated (second-order) subsystems that are specifically sensitive to these variations. When regulation is at work, the internal dynamics of the basic first-order regime of self-production of the living system are modulated by specialized second-order sensory–effector mechanisms. The activation of these mechanism is triggered by external or internal variations, and as a result of their regulatory activity, the system is able to maintain its viability. Minimal examples of regulatory mechanisms are the lac-operon, the tryptophan operon, or the chemotactic signal transduction pathway, to cite just a few well known cases of modulation of the basic (first-order) metabolic and agential dynamics of a system. The distinctive feature of regulatory mechanisms is that as second-order control subsystems they are operationally decoupled from the first-order regime they regulate.6

After distinguishing these two general types of adaptive7 interactions, based on dynamic stability and regulation respectively, it is possible to discuss whether or not they can ground cognitive properties, as claimed by the L = C thesis. Let us consider a distinctive feature of cognition, which can be realized by minimal living systems. It is the capability to identify or distinguish between some features of their interaction with the environment (for example, the sensing of variations in boundary conditions, concentrations of nutrients, and presence of predators) and to act accordingly, in such a way as to maintain viability. As argued in Bich and Moreno (2016), these cognitive capabilities, at a minimal level, necessarily require regulatory mechanisms in the context of a self-maintaining biological system.

Structural interactions, sustained by distributed responses in a regime of dynamic stability, cannot account for this distinctively cognitive capacity to make meaningful distinctions and to act accordingly. In this type of interactions perturbations just trigger internal changes that are percolated through the system by means of reciprocal adjustments between the activities of the components of the first-order network: the environment is only a source of generic noise.

The requirement for cognition can be met, instead, in presence of dedicated regulatory mechanisms, endowed with sensory–effector capabilities, whose response is the result of the evaluation of perturbations. By means of second-order, operationally decoupled regulatory mechanisms, the system establishes some categories in the environment (sensory capability), and employs them to modulate its own internal dynamics in a viable way (effector capability) in such a way that the system maintains its identity. The organism does things according to what it distinguishes in its interactions with the environment. It modulates its own constitutive dynamics coherently with the variations that activated the regulatory mechanisms, and as a result it maintains its viability in the changing environment: for example, it changes direction of movement or synthesizes a new set of enzymes that allows it to metabolize different substances. In this way, perturbations achieve an endogenous, operational meaningful, significance for the system, which can be considered cognitive in a minimal sense. According to this perspective, therefore, the adaptive behavior of minimal organisms such as bacteria is already cognitive, but only insofar as it is supported by regulatory mechanisms.8

From this theoretical standpoint it is possible to discriminate between cognitive and non-cognitive (structural) adaptive interactions. The advantage of this framework is that it provides conceptual tools that can be operationally applied in the biochemical domain to study different minimal biological interactions – structural and cognitive – by means of synthetic models. An example of synthetic realization of cognitive adaptive properties is the implementation of biochemical sensory–effector regulatory mechanisms in protocells or semisynthetic cells (e.g., compartmentalized riboswitches) (Martini and Mansy, 2011).

The synthetic investigation of structural and cognitive interactions and of their relationship with the identity of the systems involved can be pursued in two ways. One is to focus on one artificial system and to analyze how it interacts adaptively with its environment by means of either distributed or self-regulatory mechanisms (see Bich and Moreno, 2016). The other way, which is discussed in the rest of this article, is to explore the possibilities opened by the adaptive interactions between systems (artificial systems or artificial systems with biological ones). It is inspired by a long research tradition in cybernetics and systems theory opened by the pioneering work carried out by Ashby (1954, 1956), Beer (1972), and Pask (1975), among others –, who had been focusing on the interactive dynamics of systems of different nature (e.g., computational, biological, social, etc.) endowed with self-regulatory mechanisms.9



CRITERIA OF RELEVANCE OF INTERACTIVE SYNTHETIC MODELS

In biological systems, constitutive and regulatory adaptive mechanisms – which underlie structural and cognitive interactions, respectively – are endogenously produced and maintained. With their activity, they functionally contribute to the existence of the same system that produces them.10 The synthetic modeling of these interactions can be pursued in two different ways. The first consists in the realization of full-fledged interactive systems. It requires integrating regulatory mechanisms into a whole regime of self-production and self-maintenance. However, this approach is especially problematic to pursue in protocells, due to difficulties in realizing a full self-maintaining metabolism (Rampioni et al., 2014). Therefore, at the current state of the art, it is pursued by using metabolically active biological cells as starting points. The second approach aims to realize life-like adaptive systems in order to investigate by means of artificial systems specific aspects that are of special interest for a better understanding of structural or minimally cognitive interactions.

Before analyzing how these approaches can be pursued in synthetic biology to investigate interactive identities and how to evaluate the results obtained, let us take an epistemological step and discuss the criteria to assess the criteria of relevance of interactive synthetic models to the study these interactions. As argued by Damiano et al. (2011) and Damiano and Cañamero (2010, 2012), one of the goals of a theoretically inspired synthetic approach is to create trans-disciplinary exchanges with natural sciences that inspire naturally based technologies, and provide new insights into natural phenomena by means of artificial systems.11 In this context, the synthetic approach can allow to experimentally explore aspects of life and cognition that are not (easily) accessible by directly investigating natural systems. It can do so by actually constructing the object of study, an alternative biological or proto-biological system, and study the properties and behaviors it exhibits.

What is the relevance of synthetic models for the scientific investigation of the target interactive biological or cognitive phenomena? Damiano et al. (2011) distinguish two main types of relevance: phenomenological and organizational. A synthetic model is phenomenologically relevant if it produces, according to explicit parameters, the same phenomenology as a living or cognitive system, regardless of the underlying mechanisms, which can be very different. In the case of minimal cognition, for example, a model is relevant at the phenomenological level if it produces the same behavior as a cognitive system, or it engages in similar interactive dynamics.

A paradigmatic case of phenomenological relevance of interactive synthetic models is constituted by relatively simple artificial (chemical) systems such as self-propelled oil droplets capable of chemotaxis (Hanczyc and Ikegami, 2010) (Figure 1B). Chemotaxis is a behavior also exhibited by biological systems such as bacteria (Figure 1A), and it is often considered a hallmark of minimal cognition (van Duijn et al., 2006; Bich and Moreno, 2016).
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FIGURE 1. Systems capable of chemotactic behavior by means of radically different mechanisms: (A) The sensory motor pathway of a chemotactic bacterium and its relative independence from metabolism (from Egbert et al., 2010, reproduced under the terms of the Creative Commons Attribution License); and (B) a self-propelled droplet (reproduced with permission from Hanczyc et al., 2007). Copyright (2007) American Chemical Society.


Both systems, bacteria and droplets, show a similar phenomenology: they are capable of moving and following a chemical gradient. Yet, despite the similarity of behavior, the way behavior itself is generated is very different in the two cases. Self-propelled droplets do not self-maintain like living cells do. The movement of droplets does not rely on nutrients encountered while exploring the environment, but they move by consuming the internal propeller (oleic anhydride) that is already available. In turn, the movement does not contribute to the existence and maintenance of the droplet as it does, instead, in bacteria. There is no internal organizational differentiation (no modular subsystems) within the droplets. Bacteria, instead, exhibit a complex regulatory mechanism (the signal transduction pathway) that modulates a motor system, plus a decoupled metabolism which provides movement and energy to the system. Finally, the direction of the movement of the droplet is directly controlled by the gradient rather than, like in bacteria, by the specific organization of a sensory–effector regulatory subsystem.

While giving precious information on the interactive dynamics of the entities involved, synthetic models that exhibit phenomenological relevance alone – insofar as they provide a point of view that is external to the system and focused on a behavioral description – fail to account for the distinctive features of minimally interactive systems and to discriminate between different types of interactions. For example, if the defining features of minimal cognition are identified in self-regulatory biochemical mechanisms subject to a regime of self-maintenance, then they need to be investigated at a different level of analysis, internal to the system. The same holds for structural interactions, which rely on distributed compensatory mechanisms. Modeling these interactions, therefore, requires different types of synthetic models, whose relevance lies in the organizational, instead of phenomenological, dimension.

A synthetic model is organizationally relevant if it realizes the same organization as the living or cognitive system which is the object of investigation (Damiano et al., 2011); in other words, if it realizes the same or a very similar identity. This criterion of relevance focuses the attention on the way components and processes are wired together, according to a specific theory of life and/or cognition. The primary target is not the features of a phenomenon or behavior, but how it is generated. However, achieving organizational relevance does not imply that there should be a strict correspondence between the specific components of the model and the target system. The same type of organization (understood as the topology of relations between components) can be realized by different structures (Maturana and Varela, 1980). Synthetic biologists, therefore, can use whichever minimal biochemical tools they have available to achieve their modeling goal and produce organizationally relevant systems, without the need to reproduce the exact composition of current biological systems, which is the result of a long, complex, and not yet well understood historical process of prebiotic and biological evolution.

The ultimate target for organizationally relevant synthetic models in the framework of biological autonomy is to realize self-producing and self-maintaining protocells capable of interacting adaptively with their environment. Another way to develop organizationally relevant models consists in narrowing down the scope of the model and investigating a specific property or capability of a living of cognitive system, instead of the whole, integrated, entity. In such cases a model achieves what can be called a mechanism-related organizational relevance by realizing the same underlying mechanism responsible for a specific behavior or phenomenon.

An example of this approach in relation to the study minimal cognition is the case of sensory–effector mechanisms implemented in protocells, which allow protocells to sense the environment and change their internal activity accordingly. Such mechanisms have been realized by endowing protocells with riboswitches. As shown experimentally by Martini and Mansy (2011), protocells enclosing riboswitches can indeed sense specific molecules and respond to them by activating DNA-transcription mechanisms (Figure 2). This approach allows investigating specific mechanisms by means of synthetic models, without incurring into the overwhelming difficulties of realizing fully fledged artificial autonomous systems. While at the moment this model does not provide direct insight upon the contribution of such adaptive mechanisms to the internal dynamics and maintenance of the system, it can be particularly interesting from a point of view focused on interactions, as a starting point to study the roots of minimal interactive capabilities of biological systems by modeling their underlying adaptive mechanisms.


[image: image]

FIGURE 2. Compartmentalized, cell-like systems that sense and respond to their environments through riboswitch activity. (A) The presence of an extravesicular ligand converts the cell-like system from the OFF-state to the ON-state. (B) RNA (squiggly line) is transcribed from DNA (double line). RNA is only translated into protein (star) in the presence of the activator ligand, which in this case is theophylline (Martini and Mansy, 2011, p. 10734; reproduced by permission of The Royal Society of Chemistry).


Organizational relevance refers to the capability of models to account for the identity of the natural systems under scrutiny. To study interactive identities synthetic models should include those types of internal mechanisms responsible for adaptive structural or cognitive adaptive interactions. Yet the target of these models is not adaptivity alone, but also how biological or life-like systems are capable of adaptively interacting among themselves. Therefore, in order to study interactive identities, also an external (inter-system) point of view is needed, capable of specifically taking into account the features of the interactions that those systems undergo without losing their viability, and how the consequent internal modifications in turn affect their identities.

It follows that relevant interactive synthetic models should satisfy criteria belonging to both the general classes introduced by Damiano and collaborators (Damiano et al., 2011). They need to satisfy organizational criteria of relevance for regulatory mechanisms or structural plasticity: either full-fledged, within self-maintaining systems, or mechanism-related, within non-autonomous protocells. But they need to satisfy the criterion of phenomenological interactive relevance as well, to be useful tools to explore some aspects of the natural phenomenology of interacting natural systems. To achieve this type of relevance, they need to exhibit sustained successful interactions: that is, viable and leading to adaptive modifications (new responses).



THE REALIZATION OF INTERACTIVE SYNTHETIC MODELS

To summarize the previous steps, structural interactions in biological systems rely on distributed responses enabled by the plasticity of the basic network of first-order metabolic components, while minimally cognitive ones rely on dedicated self-regulatory mechanisms. This section will focus on two types of interactive synthetic models: interactions between protocells, and communication between protocells and natural cells. The aim of these groups of examples is to shed light on different aspects of interactive synthetic models – respectively, structural and cognitive – in order to discuss: (1) their theoretical pertinence in modeling interactive identities; (2) how the identities of the systems involved are affected; and (3) whether or not they satisfy the different criteria of relevance relative to the type of interactive phenomenon investigated and the specific theoretical aims of the models.


Constitutive Interaction Between Protocells

The most basic explorations of interactive phenomena by means of synthetic models are represented by the study of interactions between entirely synthetic systems. The focus is on life-like collective phenomena at the level of protocells, designed with the aim to establish how deeply these phenomena are rooted in prebiotic evolution and what role they might have played in the origins of life.

Let us consider two cases: protocell colonies and protocell predation. Experiments with compartmentalized systems, such as liposomes, exhibit problems related to the low permeability of these vesicles, making the incorporation of materials within individual vesicles, or the exchange of material between them very difficult. That is an important issue for the study of the origins of life, insofar as it represents a serious obstacle to the incorporation and exchange of substrates necessary for the beginning of a proto metabolism. In addition to these experimental issues related to the construction and study of individual vesicles, the fact that unicellular prokaryotic organisms live in colonies has given support to the hypothesis that life might have arisen collectively from the cooperation between prebiotic systems, and that important steps in prebiotic evolutions has been enabled by collective phenomena. To pursue this lead, Carrara et al. (2012) have investigated the properties of colonies of giant oleate-based vesicles with negatively charged membranes (Figure 3). The results show that these vesicles form physically stable colonies, attach to solid substrates and exhibit the capability to attract positively charged compounds. Importantly, if compared to individual vesicles, those vesicles belonging to colonies exhibit increased permeability and the capability to incorporate solutes and even larger compounds, which can attach to the membrane and slowly penetrate it without causing its rupture. These phenomena support a possible scenario of the origin of metabolism where externally formed polymers are captured by primitive compartments. In addition, also colony accretion, vesicle fusion, and exchange of material between vesicles have been observed.
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FIGURE 3. Interactions between protocells. Reciprocal attraction and progressive accretion (a–d) in colonies of giant vesicles (Carrara et al., 2012; reproduced by permission of John Wiley & Sons, Inc.).


The type of interaction modeled by the synthetic systems is structural, insofar as no regulatory mechanisms are employed but instead the physical properties of the subsystems are involved. It is important to point out that the interactive artificial vesicles give rise to new capabilities owing to the collective nature of the phenomenon.

The synthetic interactive model exhibits phenomenological relevance insofar as it shows new biologically relevant properties – such as collective behaviors and attachment to substrates, exchange of materials between vesicles, etc. – and gives rise to a successful interaction (stable and sustained). Organizationally speaking, the system does not exhibit either internal differentiation or specialized mechanisms controlling the interaction. Yet the capability of vesicles belonging to colonies to attract and incorporate molecules can be interpreted as organizationally relevant from a constitutive point of view within an origin of life scenario, as a possible step toward the emergence of metabolism.

To identify the implications of this type of model for our understanding of interactive identities it is necessary to consider what types of interactions are enabled by the distinctive organizations of the systems involved and how such interactions may affect the identities of the interacting systems. The type of structural interaction taking place between these oleate-based vesicles is made possible by the electric charge of their membranes, which allow attraction of other vesicles and chemical compounds. The physical properties of the systems involved are affected and modified by such interactions, and new capabilities are acquired at the collective level, although not directly affecting the very (simple) organization of the vesicles. Yet the resulting incorporation of new material due to the increased permeability has the potentiality for triggering organizational changes. New molecules capable of entering new interactions and playing a functional role in the vesicle could trigger transitions toward new and more complex identities, for example, by catalyzing metabolic reactions within the vesicles, or inserting themselves into the membrane and give rise to primitive pores or channels.

The second example of synthetic model of a collective behavior focuses on protocell predation, with the aim to explore its possible role in prebiotic evolution (Qiao et al., 2017). The investigation of this type of interaction is also based on the assumption regarding the importance of collective phenomena at the origins of life: that life does not occur in isolation, and that living systems compete for resources or directly predate on one another (Mansy, 2017). Two types of protocells are included, which harbor different cargo molecules such as protease, DNA and sugars. They are characterized by different compositions of their compartments, and carry opposite electrostatic charges to facilitate interactions. The predator protocells are constituted by coacervates, which contain a protein -degrading enzyme protease. The preys are proteinosomes, i.e., protocells enclosed by a proteic compartment, and harboring DNA and sugars. Once the two types of cells interact, the coacervates digest the proteic membrane of the preys and assimilate their internal DNA and sugar. Then, the presence of different internal molecules in the predator can be potentially selected by the environment. However, further effects of predation beyond the digestion of the prey and capture of its contents, which are structural interactions, go beyond the scope of this synthetic model. It does not include specialized internal adaptive mechanisms – such as sensory-motor regulatory mechanisms usually associated to preying and escaping – and does not give rise to phenomena such as population growth and inheritance. The interaction is not sustained, but results in the metabolic absorption of the contents of the prey protocells. In sum, this model cannot account for coordinated behaviors between predators and preys, and for oscillatory populations such as those exhibited by traditional Lotka–Volterra predator–prey models. Therefore, while describing a model of a possible structural interaction which may radically modify the identity of the systems involved, it exhibits low phenomenological and organizational relevance as a model of the specific phenomenon of predation.

The organization of the systems involved enables interactions based on reciprocal attraction of protocells due to opposite electrostatic charges. In addition to that, the predator protocells contain protease enzymes that allow the digestion of the proteic membranes of the preys. The effects of the interaction on the identities of the two types of systems involved are different. The preys disappear, while the predators acquire new components (DNA and sugars). Yet the interaction has no effect on the identity of the predator unless the new components acquire a functional role within it, thus modifying its organization.

These models provide important and original insights into the interactive origin of some constitutive features of protocells in the prebiotic world, such as the presence of internal molecules despite the absence of full-fledged membrane channels. Moreover, both models employ electrostatically charged membranes to facilitate structural interactions in protocells that lack sensors. The focus here is specifically on composition and structural properties of protocells. For these very reasons the models do not provide information on more complex adaptive (structural and cognitive) properties, as the protocells employed in these synthetic models do not exhibit internal differentiation and regulatory mechanisms. As models of interactive capabilities, they exhibit phenomenological relevance, insofar as they carry out interactions that affect the constitutive identity of the system. Instead, they exhibit low organizational relevance, as in addition to not realizing self-maintenance, they do not employ life-like interactive biochemical mechanisms, but rely on opposite membrane charges. Nevertheless, these interactions may affect the structures of the systems involved and have the potential to modify their identities by triggering organizational transitions.

A possible further step into the investigation of protocell interactions would be to increase the complexity of the systems involved, in such a way as to model minimally cognitive interactions. One possibility is to add basic sensory–effector mechanisms such as riboswitches – whose effects change the protocells membrane properties or behaviors toward other protocells as a result of sensing the state of latter – and observe the resulting collective dynamics and the potential emergence of self-organized patterns of interactions.



Communication Between Living Cells and Protocells

More complex types of interactions engage biological cells and protocells. They rely on signal exchanges, enabled by sensory–effector mechanisms with activation of regulatory responses. A thriving line of investigation in this branch of synthetic biology focuses on the phenomenon of biological communication for technological12 and theoretical purposes.13

The basic idea underlying theoretical research on synthetic communication is to design protocells that send signals and trigger responses in living cells such as bacteria. An example of this approach is provided by Rampioni et al.’s (2014) simplified model of synthetic cell sending signals to a natural cell. This study evaluates the realizability of protocells with effector capabilities. The idea is to include into liposomes the biomolecular machinery necessary to produce signal molecules (e.g., N-acyl-homoserine lactones) that, sensed by the receptor of a natural cell, can trigger processes of protein synthesis in the cell (Figure 4).
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FIGURE 4. Simplified model of an artificial cell synthesizing signal molecules that can be sensed by natural cells: a liposome contains DNA and a transcription-translation machinery (PURE system). An enzyme E is synthesized and catalyzes the reaction that produces a signal molecule S from the substrates A and B (redrawn with modifications by Pasquale Stano from Rampioni et al., 2014).


A more recent model designed by Lentini et al. (2017) attempts to realize a two-way communication. Endowing protocells with the capability to sense (activating transcriptional regulatory binding sites within the protocell) and produce quorum molecules, it makes them able to interact with bacteria and even to interfere with quorum sensing mechanisms in the latter.

The complexity of these models raises several theoretical and epistemological issues when considering their phenomenological and organizational relevance, and more generally on the enterprise of investigating biological communication by means of synthetic biology. The models exhibit successful interactive capabilities through the activity of biochemical regulatory mechanisms. In particular, the second model achieves (mechanism-related) organizational relevance by realizing a whole sensory–effector mechanism, while the first model focuses on effector mechanisms.

Lentini et al.’s (2017) is a model of minimally cognitive-like interactions, supported by regulatory mechanisms. Yet it is not necessarily a model of biological communication. To make this point clear, let us consider a well-known biological case of interactions that are supported by sensory–effector mechanisms, like in the case described in Lentini et al. (2017), but are not considered as a case of communication: the interaction between a lion and a gazelle. It exhibits some analogies to the model just described. The lion sees the gazelle and start chasing it. The gazelle, seeing or hearing the lion approaching, starts running to escape. Then the lion adjusts its course to the new path and speed of the gazelle, etc. This is a case of cognitive interaction in which two biological systems realize a form of coordinated behavior supported by their own internal regulatory mechanisms. Nevertheless, it is clearly not a case of communication.

These synthetic models face a demarcation problem. They aim to realize communication by means of coordinated behaviors, but the way the phenomenon of communication is framed, would include also non-communicative cognitive interactions such as the one exemplified by the lion chasing a gazelle. Hence, they need a different theoretical grounding, based on a conceptual framework of communication that can be operationalized and applied to synthetic biology and can in principle discriminate between communication and other types of cognitive interactions.

The account of biological communication as functional influence seems a good candidate in this regard. In its most general formulation, it characterizes communication as an interaction in which a signal emitted by a sender triggers a change in the behavior of the receiver that is functional for the sender itself. The functional dimension is essential, as it allows distinguishing cases of communication from other interactions that trigger mutual changes in the systems involved. In the case of the lion-gazelle predator–prey system, for example, it is possible to argue that the interactions trigger changes in the behaviors of the two systems, but not that the noise made by the lion has the function of triggering the escape of the gazelle (Bich and Frick, 2018; Frick, 2019).

A remark is due. This specific account of communication was introduced by Dawkins and Krebs (1978) in an evolutionary framework, according to which what is functional for the sender, is interpreted in terms of adaptations: the signal is a functional trait because it allowed the ancestors of the sender to survive. Yet, in this specific form, it cannot be applied to artificial systems that are the result of synthetic biology rather than evolution by natural selection. Focusing on evolutionary adaptations, it does not support questions about communicative phenomena happening here and now.

To be applied in synthetic biology, this account and its functional dimension can be reformulated in organizational terms,14 in which to say that a signal is functional, specifically means that it contributes to the maintenance of the current organization of the sender (Frick et al., 2019). In this form it can be applied in principle to artificial systems and can provide the criteria needed to overcome the demarcation problem, by discriminating between communication and other minimally cognitive interactive phenomena in synthetic models.

The organizational-influence approach provides an operational characterization of communication in terms of sensory–effector regulatory interactions, which can be applied to the design of those mechanisms and phenomena specifically studied through synthetic models (Bich and Frick, 2018). Let us consider two systems: a sender A and a receiver B. The sensory parts of the regulatory mechanisms of A are activated by specific features of their interaction with the environment, and their effector parts modulate the internal dynamics of the system. The modified system A produces a signal, which triggers a regulatory action in B, the receiver, which changes its behavior. The new behavior of B is functional for the sender in the sense that it contributes to the maintenance of A in the context that activated the regulatory action in A. According to this approach, the interaction between A and B can be said to be both cognitive (it employs sensory–effector regulatory mechanisms) and communicative (it is functional for the sender). In this case the identities of the systems are not structurally modified like in the examples discussed in section “Constitutive Interaction Between Protocells.” They are supported and maintained by recruiting the functional contributions from the receivers.

While providing demarcation criteria, this theoretical account does not impose strong operational requirements for the synthetic realization of communication apart from (1) the presence of sensors and effectors (organizational criteria of relevance) and (2) that the operations of the systems involved should exhibit a specific pattern of interactions (which correspond in this case to the phenomenological interactive criteria of relevance) (Figure 5B).
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FIGURE 5. (A) A broad notion of communication modeled through the interaction of a protocell sending a signal to a living cell. This approach would include phenomena which are not generally accepted as instances of communication. (B) A more discriminating, organizational account of communication modeled through a functional loop realized by a living cell interacting with a protocell.


Adopting the organizational-influence account allows reframing the models of communication between protocells and living cells discussed above, in such a way that they can capture the distinctiveness of communicative interactions. This theoretical framework can be operationalized by employing and redesigning, in terms of functional influence, the already available protocells with sensory–effector capabilities. A pertinent remark that can be raised at this point is that protocells are not functional in themselves in the sense that they are not self-maintaining systems. This has two implications. The first is that it is still possible to realize synthetic models that are phenomenologically relevant but that realize only mechanism-related organizational relevance. The second is that “life-like communication” can be explored and evaluated from the point of view of living cells – which exhibit functionality – by making them interact with protocells endowed with sensory–effector regulatory mechanisms. The idea would be to re-design the interaction by realizing systems in which sender cells are capable, through signals, to influence protocells in a way that is functional to the cells.

In sum, adopting a theoretical framework of communication, such as the organizational one, capable of satisfying both demarcation and operationability requirements can provide guidelines for the design of synthetic models aimed at studying the nature and minimal instances of communication as a specific type of cognitive interaction. In particular, it puts into evidence the necessity for modelers to shift their attention from designing protocells that can interact with cells by triggering changes in the latter (Figure 5A), to protocells that can participate in functional loops with cells (Figure 5B). Moreover, the use of these models, besides contributing to an understanding of the most basic features of the phenomenon of communication and its minimal instances in bacteria, can help to identify the distinctive features of (and clarify the differences between) different types of interactions by focusing the attention on the functional relationships between the interactors, like in the case of communication vs predator-prey interactions.

Analyzing these models can also provide important insights into the question of interacting identities. Organizations that include sensory–effector mechanisms, such as the protocells and cells involved in communication, support minimally cognitive interaction, beside structural ones. In the case of communication, the interaction directly contributes to maintain the identity of the sender and to extend its functional boundary outside the system, as the sender recruits external functions by integrating the receiver into a larger functional loop. If compared to the cases of structural interactions between protocells analyzed in section “Constitutive Interaction Between Protocells,” these interactions have potentially a weaker effect on the identities of the systems involved. The difference with the case of protocell predation is evident. In the case of communication interactions are managed by second-order specialized mechanisms, which in turn modulate the internal first-order dynamics, without the latter being directly affected by the features of the interaction itself.

This comparison shows how regulatory mechanisms contribute to enhance the robustness of the system, insofar as they prevent interactions from directly affecting the core of the self-maintaining regime of a system. In addition, it shows on the one hand how regulatory mechanisms make it more difficult to trigger radical organizational transitions in the first-order regime. Yet, on the other hand, it shows how regulatory mechanisms may provide more reliable ways to modify the organization of a system toward increased complexity. A modification of the core constitutive network of the system has a higher risk to drive the system to disruption than to generate novel and more complex functionalities. A modification of the regulatory subsystems that control internal changes (e.g., switches) provides instead more reliable solutions to introduce novel functionalities by acting on relatively independent (decoupled) regulatory switches instead of radically changing the more basic self-maintaining regime of the system (Kirschner et al., 2005).



CONCLUSION: EVALUATION STRATEGIES

Addressing the problem of the theoretical grounding of synthetic models (see section “Theoretical Grounding: Structural and Cognitive Interactions”), identifying the criteria of relevance of models (see section “Criteria of Relevance of Interactive Synthetic Models”), assessing whether or not they are satisfied when realizing interacting synthetic models and what are the theoretical implications of the models (see section “The Realization of Interactive Synthetic Models”), are important aspects of their design and discussion. They concern the type of contribution a model can provide to the study of a given phenomenon – in this case, structural and cognitive interactions and their implications for the identities of the systems involved – in relation to a given theoretical framework, such as the organizational account based on the notion of biological autonomy.

A further epistemological issue regarding this branch of synthetic biology is whether and how models are successful at what they aim to do: i.e., the problem of evaluation. This is a particularly difficult task, insofar as these models do not exactly aim to describe or represent natural phenomena such as biological interactions, or to develop predictive tools. Synthetic biology combines technological and scientific methodologies, and this mixed nature is reflected in the goals of the models developed (Green, 2017). On the one hand they aim to realize systems that work, without looking for optimal solutions (O’Malley, 2009). On the other hand, they aim to provide insights into, or a better understanding of, certain features of natural systems, and they do so by means of alternative realizations (Damiano and Cañamero, 2012).

How can we assess whether or not an interactive synthetic model is a good model of interactive identities? The dual nature of the goals of synthetic models makes it difficult to evaluate their success, insofar as this task needs to combine two different types of criteria: (1) pragmatic “whatever works” criteria, i.e., the realization of a device that does what it has been designed to do; with (2) theoretical criteria related to the contribution to a better understanding of biological and cognitive phenomena. The latter ones are particularly complex as they need to establish whether an alternative realization provides useful insights into a phenomenon under study (for example, a specific type of interaction between living systems). In order to combine these two types of criteria, evaluations need to take into account all the dimensions analyzed in the previous sections, i.e., theoretical grounding, relevance, and realization.

An ingenious strategy to evaluate synthetic models, by specifically focusing on their interactive dimensions, has been employed in synthetic biology with the introduction of Turing tests for life (or for life-likeness). It explicitly aims to provide satisfactory and unbiased criteria for evaluating the results of the synthesis of life-like systems and behaviors. The basic idea is to have the model pass an evaluation according to criteria that are not dependent on external designers or users, but are somehow intrinsic to the domain of the phenomenon modeled (i.e., biological or cognitive). This result can be achieved by having the model system interact with a natural one, which will play the role of the evaluator.

In general, the principle underlying Turing tests is that a model is valid if it cannot be distinguished from the real thing by an appropriate interrogator. In synthetic biology, the main idea is to let living cells be the interrogators, and let them “evaluate” the models by interacting with the artificial cells (Cronin et al., 2006). This interaction can occur, for example, by means of exchanges of signals, which at first sight makes this strategy very suitable to evaluate interactive capabilities such as those analyzed in the case of biological communication. For example, when artificial cells emit signal molecules, if a response is activated in the living cell, the artificial one passes the test for life (-likeness) (Gardner et al., 2009).

However, this type of evaluation strategy exhibits several limitations which make it difficult to assess the epistemic contribution of a synthetic model to the understanding of a biological or cognitive interactive phenomenon. Despite aiming to provide unbiased criteria, intrinsic to the domain of investigation, these Turing tests are still designer-dependent. The first problem is that the scope of the test is ultimately restricted to the “whatever works” criteria. Let us consider the case of an artificially system (a protocell) that should trigger in a living cell (through a signal molecule) the same response that a biological system would. The designer establishes a priori that the life-likeness criterion in this case consists in triggering this specific response, and focuses on the molecule that does so. The Turing test for life does not introduce a further designer-independent, intrinsically biological, criterion when employing a biological interrogator. It confirms that the artificial system does what it was designed to do: trigger a given (already known) response. The living cell, for example, would evaluate positively (as life-like) any other source of the same signal, such as the direct administration of the signal molecule by the experimenter, or by an abiotic reaction.

The second limitation is that the test evaluates only phenomenological mimicry. The interrogation is purely behavioral and does not take into consideration the internal mechanisms. This, for example, is not a good way to test for different types of interactive capabilities, whether they are cognitive, i.e., if these are theoretically characterized in terms of regulatory mechanisms or structural, i.e., supported by internal plasticity (distributed compensatory responses). To be more precise, this interrogation only tests the response to mimicry by the living cell. It does not test the behavior of the artificial cell itself, insofar as the response depends on the nature of the signal molecule, and not of the source of the signal. This limit is particularly relevant when one of the aims of the synthetic model is to investigate how different types of interaction take place, and how they affect the identities of the systems involved at the level of their internal organization.

Let us discuss how the test applies to the models discussed in section “The Realization of Interactive Synthetic Models,” to assess its practical limits. Considering that the test implies the evaluation of an artificial cells by a natural one, it does not apply to models of interaction between protocells alone (see section “Constitutive Interaction Between Protocells”). It can be applied, instead, to evaluate interactions between artificial and natural cells (see section “Communication Between Living Cells and Protocells”), but with two caveats. In the first place, given its focus on mimicry, it does not allow evaluating organizational relevance. In the second place, if the focus is on communication (between living cells and protocells) defined in terms of functional influence of a sender upon a receiver, what is required to be evaluated as communication is not the presence of a response by cells to signals released from protocells (what the Turing test for life is designed to do). Rather, as discussed in section “Communication Between Living Cells and Protocells” it is how living cells, the senders, change the behavior of (non-self-maintaining) protocells, the receivers, in such a way that the new behavior functional contribute to the maintenance of the senders. Therefore, the test has problems in evaluating the contribution of the model to the understanding of a biological interactive phenomenon such as communication.

Although limited, the Turing test for life was introduced to overcome the problems exhibited by another evaluation tool employed by synthetic biologists, that is, definitions (of life and cognition) (Forlin et al., 2012). The criticisms of definitions as a tool for synthetic biology, among other disciplines, has been motivated by the lack of consensus on a single definition of a given phenomenon such as life or cognition, and the consequent failure in providing precise and universal criteria, often with different definitions used by different research groups in the same field. Such criticisms (Cleland, 2012; Machery, 2012) are based on the implicit assumption that the role of definitions is to demarcate a phenomenon such as life, and to provide an univocal and definitive answer.15 In fact that is not their common use, inasmuch as in the practice of synthetic biology, conceptual models and definitions are rarely employed as direct criteria of evaluation, but play a different role as theoretical and heuristic tools that provide guidelines to build models and design experiments.16

The limitations of straightforward evaluation tools such as Turing tests and definitions (in the few cases when the latter are used as demarcation tools) leave us with two possible options. The first is to adopt minimal evaluation criteria, restricted to only one type of goal of synthetic models, that is, successful realization: the “whatever works” criterion. The second is to adopt a more complex, though less straightforward, evaluation methodology. A possible evaluation strategy of this latter type would need to consider (at least) the three aspects which have been analyzed in the previous sections. The first is the theoretical pertinence: how models relate to a specific question in the given context of the phenomenon under investigation, in this case the nature of structural and cognitive interactions and their effects on the identities of the systems involved. The second concerns the criteria of relevance that the model needs to satisfy in the light of the question asked. Finally, the third is how the model solves the issue practically.

Let us consider synthetic models of structural and cognitive interactions. Their design requires a hybrid strategy which combines phenomenological-interactive and (mechanism-related) organizational approaches, theoretically grounded in a definition of structural interactions as relying on first-order network properties, involving distributed responses, and cognitive interactions as adaptive capabilities of living systems based on regulatory mechanisms. Their evaluation should take into consideration: (1) how the model relates to a specific question (its theoretical pertinence). In this case it relates to the characterization of structural or cognitive interactions in terms of constitutive and regulatory mechanisms, respectively; or, in the case discussed in section “Communication Between Living Cells and Protocells,” how the model relates to a given theoretical account of communication. The theoretical pertinence should include also whether the model can provide insight into the effects of these different types of interactions on the identities of the systems involved; (2) the capability of integrating two criteria of relevance to respond to the theoretical question, i.e., phenomenologically interactive and (mechanism-related) organizational ones; (3) successful design, i.e., the fact that the synthetic model is capable of producing a sustained interaction between the artificial and natural systems involved.17

From this perspective, the Turing test can be seen as a special case of evaluation of successful design, detached from theoretical considerations, restricted to cells-protocells interaction and to a specific type of phenomenological relevance, that is, response to mimicry, with all the limitations discussed before.

This more complex approach, instead, acknowledges the operational role of theoretical considerations and of definitions as guidelines for the design of experiments and models (Bich and Green, 2018). In this case concepts and definitions are not used as sources of checklists or tests for life or cognition (demarcation criteria), but in combination with other types of criteria, such as relevance and successful design. What these models tell us, and needs to be taken into consideration in their evaluation, is not only that interactions between protocells or between protocells and living cells are possible, but something more on the phenomena modeled. They can show the limits of some implicit assumptions such as the idea of behavioral coordination in relation to biological communication, and provide critical insights on the effects of different types of interactions upon minimal systems, such as for example the possibility of deep organizational transitions implied by structural interactions and the specific contribution of regulatory mechanisms to robustness.
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FOOTNOTES

1For example, colonies of giant vesicles (Carrara et al., 2012) and predator–prey interactions in protocells (Qiao et al., 2017).

2This research line has been focusing on interactions between biological cells and protocells (Gardner et al., 2009; Lentini et al., 2017; Rampioni et al., 2014).

3This research line has been pursued by focusing either on information technologies that realize computation through bio- chemical systems (Amos et al., 2011), or on biochemically-grounded embodied artificial intelligence (Stano et al., 2018).

4For the more general philosophical debate on the notion of identity, see Williamson (1990); Lowe (2002), Miller (2010), and Noonan and Curtis (2018).

5A strong “L = C Thesis”.

6Regulatory mechanisms are specialized subsystems dedicated to the modulation of the first-order regime they control. The relation between regulator and regulated subsystems, therefore, is asymmetrical. Regulatory subsystems do not operate as nodes of the same basic network of mechanisms of production of components, but exhibit degrees of freedom that are not specified by the dynamics of the regulated subsystems. Such a local independence allows regulatory subsystems to modulate first-order ones in a relatively independent way. See Bich et al. (2016) for more details on the features and requirements for decoupled regulatory mechanisms.

7
“Adaptive” is used in this context as an interaction that triggers a viable response by means of internal changes in the perturbed system.

8Very different views have been defended with regards to the nature and lower boundaries of minimal cognition. Some cognitive capabilities have been attributed to chemical systems below the threshold of life, like oil droplets, justified on the basis of their chemotactic behavior which mimics that of bacteria (Hanczyc and Ikegami, 2010). Approaches focused on the specific features of the organizations – i.e., minimal biochemical mechanisms – underlying cognitive capabilities, such as chemotaxis and communication, identify cognition at the level of prokaryotes (van Duijn et al., 2006; Bich and Moreno, 2016). Others identify cognition only in organisms with nervous system (Christensen and Hooker, 2000; Barandiaran and Moreno, 2006). See Godfrey-Smith (2016) for a discussion of different accounts of minimal cognition and of the main transitions in the evolution of cognition and subjectivity.

9See Damiano (2009) and Pickering (2010) for an analysis of this research tradition.

10This is an important difference with hardware-based artificial systems, in which parts are put together from without, and interact to produce a certain effect without their operations affecting their conditions of existence.

11See also Pfeifer and Scheier (1999); Ruiz-Mirazo and Moreno (2013), and Green (2017).

12The aim is to develop systems for the targeted administration of molecules to living cells by means of protocells (LeDuc et al., 2007) or biochemical information technologies (Nakano et al., 2011), among others.

13The aim in this case is to provide insight into the nature and origin of minimal forms of biological communication by means of artificial systems (Rampioni et al., 2014, 2019).

14The organizational account defines the function of a trait in terms of contribution to the maintenance of the system that currently harbors and produces that trait (Mossio et al., 2009), rather than in terms of the evolutionary history of the trait.

15The same can be said about definitions of cognition.

16Definitions are not necessarily (definitive) answers, but rather ways to formulate precise questions. In the practice of several disciplines such as synthetic biology, artificial life, systems biology, and astrobiology, definition are used as theoretical and epistemic tools that make assumptions explicit, clear, and challengeable, help formulating questions, and suggest what phenomena to look for, or what to realize in the laboratory (Bich and Green, 2018). Definitions of life are not normally used as definitive answers and tools to demarcate life. Even in astrobiology they have been used to design experiments and devices, not as answers about the presence of life.

1717It might also include whether the model produces new unexpected phenomena: what Damiano et al. (2011) call “progressive phenomenological relevance.”
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The concept of identity is used both (i) to distinguish a system as a particular material entity that is conserved as such in a given environment (token-identity: i.e., identity as permanence or endurance over time), and (ii) to relate a system with other members of a set (type-identity: i.e., identity as an equivalence relationship). Biological systems are characterized, in a minimal and universal sense, by a highly complex and dynamic, far-from-equilibrium organization of very diverse molecular components and transformation processes (i.e., ‘genetically instructed cellular metabolisms’) that maintain themselves in constant interaction with their corresponding environments, including other systems of similar nature. More precisely, all living entities depend on a deeply convoluted organization of molecules and processes (a naturalized von Neumann constructor architecture) that subsumes, in the form of current individuals (autonomous cells), a history of ecological and evolutionary interactions (across cell populations). So one can defend, on those grounds, that living beings have an identity of their own from both approximations: (i) and (ii). These transversal and trans-generational dimensions of biological phenomena, which unfold together with the actual process of biogenesis, must be carefully considered in order to understand the intricacies and metabolic robustness of the first living cells, their underlying uniformity (i.e., their common biochemical core) and the eradication of previous –or alternative– forms of complex natural phenomena. Therefore, a comprehensive approach to the origins of life requires conjugating the actual properties of the developing complex individuals (fusing and dividing protocells, at various stages) with other, population-level features, linked to their collective-evolutionary behavior, under much wider and longer-term parameters. On these lines, we will argue that life, in its most basic sense, here on Earth or anywhere else, demands crossing a high complexity threshold and that the concept of ‘inter-identity’ can help us realize the different aspects involved in the process. The article concludes by pointing out some of the challenges ahead if we are to integrate the corresponding explanatory frameworks, physiological and evolutionary, in the hope that a more general theory of biology is on its way.
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ON THE CONCEPT OF ‘INTER-IDENTITY’: SOME PRELIMINARY IDEAS AND POTENTIAL INSIGHTS FOR BIOGENESIS

Identity is closely related to the idea of sameness. This can be formalized through mathematics (e.g., set theory) and be used in a strict sense, provided that it remains in that abstract space of logical operations. However, as soon as it is applied to the real world, it becomes problematic. Philosophers have been particularly aware of those difficulties throughout history, from the ancient Greeks to contemporary metaphysicists, because the idea of identity is entrenched with two perennial problems of philosophy (Brubaker and Cooper, 2000; Juarrero, 2002): how to account for (i) permanence amidst manifest change and for (ii) unity amidst manifest diversity. Nature is, indeed, changeful and diverse. If one had to choose between Heraclitus or Parmenides these days, with all the scientific knowledge that we currently have at hand, it seems safer to opt for the former – embracing a process ontology by default, so to speak. Nevertheless, humans have also discovered that many material entities in the world stay the same for long periods of time, and can be treated as equivalent to many others “of the same kind.” Thus, our theories should also provide us with adequate explanations for the emergence and behavior of these stationary and repeated objects/features/patterns found in nature. For instance, think about atoms, gold atoms, to take a simple case (gold is a monoisotopic element of the periodic table). Each gold atom is highly stable and, in practice, totally equivalent to any other gold atom in the universe. Thus, it looks like the identity of gold atoms, both in terms of permanence (i.e., gold’s token identity) and of uniformity (i.e., gold’s type identity), is out of question – and this is probably one of the reasons why humans appreciate so much pieces of metal that contain many such atoms.

However, stability or equivalence relationships, in general, cannot be taken for granted. Quite the contrary: nature is intrinsically heterogeneous and variable, as we just asserted. The issue of identity becomes especially tricky when dealing with complex systems, whose maintenance (as such systems) depends on the dynamic organization and non-linear interactions among its constituent parts (in continuous renewal and/or transformation), as well as with its local environment. For instance, dissipative structures (e.g., Benárd convection cells or B-Z chemical waves; Prigogine, 1980) involve global, macroscopic stationary states, which remain stationary as long as a set of suitable boundary conditions keep (or are kept) constant. Furthermore, the corresponding patterns of order (which result from the convoluted fluid dynamics or inorganic reaction couplings among their numerous components, under those conditions) are equivalent each time you run the experiment, regardless of the specific moment or location when/where the phenomenon occurs. Yet, the stability of these far-from-equilibrium systems is much more precarious than quasi-equilibrium structures (e.g., self-assembled molecular aggregates), let alone atoms at equilibrium. Their identity is thus dependent on their being open systems in constant interaction with their environment: i.e., they constitute themselves through interaction (Collier and Hooker, 1999; Bickhard, 2000; Bishop, 2012). Besides, for systems that encompass such a large number of components (millions and millions of molecules moving or reacting with each other) one can always identify differences in details that make each pattern of order unique, of course – even if those minor differences pass disregarded when the pattern is grouped together with other, highly similar ones.

In this article, we are going to deal with the origin and evolutionary development of phenomena that are not just complex, in the previous sense, but hyper-complex: namely, proto-biological processes and entities. Living organisms, as we know them on planet Earth, have achieved a dynamic robustness and a capacity for long-term sustainability that is really striking from the point of view of fundamental physics. When far-from-equilibrium phenomena occur in the inert domain, they consistently tend to degrade and disappear – quite sooner than later, in fact. In contrast, life persists on the planet for thousands of millions of years, as a cyclic, recurrent and collective phenomenon, that projects far beyond the individual units that temporarily instantiate its most characteristic features, like metabolism or adaptive agency. Although the biosphere at present consists of an extremely rich variety of living forms, both unicellular and multicellular, we have discovered, over the years, an amazing unity behind all this variety. Summing up the work of a few generations of molecular biologists and biochemists, we know now that a collection of basic mechanisms, properties and dynamic operations underlie the workings of any cell: among others, a common set of metabolic intermediaries and core metabolic pathways, shared bioenergetic principles, or a universal genetic code (Alberts et al., 2002; Stryer et al., 2015; Nelson and Cox, 2017).

This underlying unity not only gives solid support to Darwin’s key intuition that all terrestrial life comes from a single origin, through descend with modification, but suggests a population of cells of very similar characteristics as the departure point for open-ended, biological evolution and for the subsequent process of diversification and complexification of the living world, as we came to know it much later on. The apparent homogeneity of LUCA (the last universal common ancestor or cenancestor of all life on Earth), together with the lack of traces of previous stages (that is, prebiotic systems of intermediate complexity), indicate that a highly successful and rapidly proliferating type of organization (a community of genetically instructed cellular metabolisms) surely took over in the context of previous populations of more diverse and rudimentary protocells. That first population of living cells was strongly communal, performing massive horizontal gene transfer processes (Woese, 1998), which also contributed to their homogeneity and helped them thrive and expand in those early stages, to eventually colonize –and transform irreversibly– the surface of the whole planet.

In the following pages, we will argue that the hypothetical prokaryotic entities comprising such a community of cells, precursor of all –current and extinct– forms of life on Earth, had to constitute identities of a very special kind. We will further claim that any process of biogenesis, to be complete, should bring about a very similar scenario: a community of complex individuals, with tightly interconnected identities. These are interacting and interactive identities, in various complementary ways, as we will try to explain below (justifying the use of the term ‘inter-identity’ from different angles, and showing some of its most important implications). But before doing that, adopting a deeper, foundational perspective (in the first part of the article), we will make the effort to show that the individuals of this community (the first, full-fledged, minimal living organisms) indeed realize their identity both: (i) as material systems/organizations that distinguish themselves from other systems/organizations, staying the same individual that each of them was, previously in time (i.e., they constitute token identities); and (ii) as material systems/organizations that are, for all relevant purposes, equivalent to other systems/organizations in the group, sharing the same potentialities held by any other member of that group (i.e., they constitute type identities). Therefore, we will see how the ‘token/type’ dichotomy itself is somehow intermingled, or blurred, by means of real systems, living cells, that challenge such an epistemic distinction and merge, somehow, the domain of the actual (i.e., the regime of causal relationships at a given time, for any given individual in interaction with its environment) with the domain of the potential (the dynamic propensities inferred for subsequent temporal stages, pertinent to a population, group or sub-group of individuals).

Understanding how these two –almost orthogonal– dimensions of the concept of identity become, in fact, compatible will require performing an analysis at different spatial and temporal scales, from the developing protocellular systems to the level of populations evolving across generations. As elaborated below, a combination of insights coming from these different levels of description, whose integration is challenging but seldom addressed in the literature, will help us show that only reliably reproducing protocell organizations (i.e., tokens that consistently generate types) are capable of realizing those two faces of identity at once. Therefore, we will reach the conclusion that in order to solve the problem of origins of life, it is not sufficient to consider minimalist autopoietic systems/organizations (compartmentalized proto-metabolisms), but one is forced to explore more complex cellular architectures (genetically instructed metabolisms) that actually subsume wider and longer term relationships within an ecologically structured and phylogenetically evolving and unfolding population of such cells.

The article is constructed in the following way. First, in section “A Plausible Departure Point: The ‘Heterogeneous Protocell Population Scenario’,” we describe a highly plausible starting point for the process of origins of life: namely, a messy, colloidal environment in which rudimentary protocells undergo fission and fusion events, triggered by non-linear chemistries linked to self-assembly and self-organization phenomena. Then, in section “A Highly Complex Final Stage: The Origin-of-Life ‘Singularity’,” we consider LUCA (i.e., a minimalist population of prokaryotic life), as equivalent to the final stage of the process and analyze its nature, both from the individual and population perspectives. The comparison between those two completely different scenarios (the starting and final stages of biogenesis) will help us explain, in more abstract terms (see section “Core Discussion: The Construction of Biological ‘Inter-identity’ as the Outcome of a Complex Process of Prebiotic Evolutionary Development”), how the relationship between ‘token-identities’ and ‘type-identities’ must become increasingly tighter and interwoven throughout prebiotic evolution. This will lead us to propose the main thesis of this work: biogenesis can –and should– be conceived as a process of evolutionary development of increasingly complex protocells until they accomplish biological ‘inter-identity,’ eliminating the previous, more precarious and diverse populations of interacting individuals. Finally, in the last section, we make some more general concluding remarks about the importance of keeping a genealogical perspective in the natural sciences (i.e., of addressing seriously the problem of origins of life) in order to understand the main principles on which a coherent theory of evolutionary systems biology should be founded.



A PLAUSIBLE DEPARTURE POINT: THE ‘HETEROGENEOUS PROTOCELL POPULATION SCENARIO’

Decades of research efforts by highly talented prebiotic chemists with the aim to discover minimal systems of self-replicating molecules (RNA oligonucleotides in particular, but also peptides or other chemical species of biological relevance – for an extensive review, see: Ruiz-Mirazo et al., 2014) have led to interesting but, overall, remarkably modest results. Probably the strong reductionist assumptions and the oversimplifications made by the majority of researchers working in the field of origins of life, under the enormous influence of molecular biology and traditional synthetic organic chemistry, hold a good part of the responsibility for such a failure. Indeed, although diverse material structures (e.g., nucleic acids) have template properties, which directly contribute to their multiplication (including the conservation of their characteristic monomeric sequences, through complementary base-pairing, during the copy process) there are not truly ‘self-replicating’ molecules anywhere in the biological sphere. Cells faithfully replicate some of their material structures, of course, but always making use of additional functional machinery. Thus, we should consider the possibility that our idealizations have been pushing the investigation about origins of life in unrealistic directions, and alternative work assumptions must definitely be explored. As one of the current leaders of the field acknowledges (Sutherland, 2017), present accomplishments have reached, at most, the end of the very beginning of the process of biogenesis: namely, the synthesis, in good yields, of the various molecular building blocks to start the process. Accordingly, the origin-of-life research community is looking forward to new experimental insights from the flourishing area of ‘systems chemistry,’ which deals with complex mixtures of molecules and their emergent properties, as the awareness about the irreducibility of biological behavior to single types of molecules, or molecular mechanisms, continues to spread across the scientific community (Kroiss et al., 2019; Ruiz-Mirazo, 2019).

A much more plausible alternative prebiotic scenario, given the numerous pieces of evidence demonstrating that lipids or other amphiphilic compounds (molecules with both hydrophilic and hydrophobic parts) and surfactants (molecules that –more generally– tend to be part of water-oil or water-air interfaces) were surely present in the primitive Earth,1 would be a heterogeneous population of relatively simple, self-assembled protocellular systems undergoing several physical and chemical transformations. In principle, these highly dynamic protocells could consist of different kinds of supramolecular aggregates (e.g.,: micelles, vesicles, droplets, coacervates,… or, more probably, coexisting mixtures of them) but for the sake of simplicity and continuity with the biological world, we will consider here a vesicle suspension in water (i.e., a population of spontaneously formed spheroid compartments, containing aqueous micro-environments encapsulated by lipid bilayers – i.e., prebiotic systems already endowed with the characteristic topology of cells). However, we should not think of this as a quasi-equilibrium, homogeneously distributed suspension, in which each vesicle maintains itself as a supramolecular structure in a metastable stationary state (like standard liposome suspensions, as prepared in the lab). Proto-cellularity actually involves the coupling of self-assembly with chemical processes (Ruiz-Mirazo, 2011), favoring a much richer variety of dynamic states in out-of-equilibrium conditions. Accordingly, the actual sizes, shapes, and composition of these compartmentalized systems would be quite diverse (see Figure 1), and in continuous change, because different chemical reactions (involving other simple, prebiotically plausible molecular species, like additional amphiphiles/surfactants, aminoacids, small peptides…) would be intrinsically linked to their dynamics (Ruiz-Mirazo and Mavelli, 2008; Shirt-Ediss et al., 2014, 2015; Shirt-Ediss, 2016; Piedrafita et al., 2017), affecting both the inner aqueous core and the properties of the actual boundary (e.g., membrane permeability, fluidity, etc.).
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FIGURE 1. Early prebiotic chemistry would have likely entailed diverse populations of low complexity colloidal systems, engaging in myriads of aggregative/competitive interactions and transformations. Environmental events ε such as changes in external osmolarity, pH, ionic concentrations, temperature, and local fluid flow conditions would drive fluctuations in the composition of populations and could also scaffold primitive division cycles. In parallel, population mixing events ℳ would act to re-distribute and combine individuals from different populations via fusion. At this ‘messy’ stage of protocellular development, lipid vesicle populations would likely have been highly heterogeneous in terms of size, membrane composition, trapped internal molecules and lamellarity of individuals, with many individuals containing internal compartments nested in complex ways. Vesicle breakage and resealing would have been highly prevalent at this stage, too.


In fact, one should not expect any simple (e.g., Poissonian-like) statistical description to be applicable to these non-equilibrium and highly heterogeneous protocell suspensions. For instance, spontaneously forming vesicles are bound to trigger cooperative/aggregative effects that lead to the uneven encapsulation of complex mixtures of organic compounds (especially if these are macromolecules – like biopolymers, as shown by Luisi’s group; Souza et al., 2009, 2011); or also more basic physical forces (e.g., osmotic imbalances across the vesicle membranes) can generate complex oscillatory behaviors in the population (as reported by other labs, like Parikh’s; Oglȩcka et al., 2014). Among the numerous transformations that these early protocellular systems could undergo (e.g., constrained diffusion and transfer of their components, membrane transient breakage and re-sealing processes, deformations, shrinkage, swelling, aggregation into clusters…), we will highlight two of special significance: fission and fusion. Fission implies the division of a vesicle into two (or more) vesicles, whereas fusion involves the merging of two (or more) vesicles into one.2

These transformation processes, at an early stage, need not be symmetric, nor reliably performed (in fact, they are expected to happen stochastically, involving vesicles of different sizes, shapes or compositions, and often triggered by environmental changes – see Figure 1). If that is the case (and if the general boundary conditions remain approximately constant, of course), the population of dividing and colliding protocells would not undergo any major, significant transition (in overall, statistical terms). Despite the occurrence of multiple changes in each of the individual vesicles, or the emergence of local clusters of transient complexity, or even longer-range correlations and patterns of collective dynamic behavior across wider groups of them, the protocell suspension will still look like a ‘colloidal mess,’ roughly speaking. Under those conditions, the stability of most individuals in the population (tokens) would be quite precarious: the lack of regulatory mechanisms on the growth/shrinkage dynamics of the protocells would lead, most of the times, to breakage or decay (due to osmotic imbalances or insufficient material resources in the aqueous environment) and subsequent reassembling phenomena. In turn, groups of relatively similar protocells (types – or proto-types) could be distinguished in the population, but just in terms of global, self-organization properties that would correspond to statistical patterns deriving from those ever-changing compartmentalized entities and their ongoing out-of-equilibrium dynamics, fostered by the underlying (often autocatalytic) chemistry.3


The Onset of Reproductive Fission

However, the situation would radically change if fission events started to establish more consistent ‘kind correlations’ between different members of the population. In other words, if some protocellular systems developed molecular mechanisms (and a somewhat more complex organization) that enabled them to channel growth and reproduce themselves: i.e., if they managed to generate highly similar protocellular systems – ‘kind’ begetting ‘kind.’ This has a number of implications, which were studied in more detail through a theoretical model on the conditions for stationary reproduction of elementary protocells (Mavelli and Ruiz-Mirazo, 2013). In particular, in comparison with the initial stages (as depicted in Figure 1), protocells must involve a higher diversity of molecular components and interaction mechanisms among them (in accordance to recent laboratory experiments in which vesicle division is achieved with surprising easiness, but only provided that a number of different concurring factors are brought together; Kurisu et al., 2019). Furthermore, for the process to be recurrent, protocells must be self-productive in the first place, so that they can minimally control their growth dynamics and divide in such a way that the ‘offspring’ resembles the original state of the ‘mother’ protocell. By the term ‘self-productive’ here we do not mean ‘autopoietic’ in the classical or strict sense of the term (Maturana and Varela, 1980), because these protocells ought to be actually entrenched in ‘growth-division cycles’ – i.e., they would not be (highly idealized) self-maintaining entities in which a complementary relationship between metabolism and boundary ensures homeostasis, as in the original scheme (Zepik et al., 2001). Besides, these prebiotic self-productive systems should harbor a minimal degree of organizational diversity, in such a way that the same reproduction mechanisms could be realized by means of potentially different individuals.

Therefore, when we speak here about self-re-producing protocells we do not refer to standard vesicles or other simple compartmentalized systems, but to functionally and spatially organized reaction systems. Trivial forms of reproduction, like the multiplication of supramolecular structures, per se, would not lead us very far. Yet, if the protocellular system gets too complex, its reproduction will become accordingly difficult, causing a deep bottleneck (as the main results in Mavelli and Ruiz-Mirazo (2013), in fact, suggest). At this juncture, a compromise solution must be reached, in which the material organization involved is complicated enough –but not more– to be able to generate controlled cycles of growth and division (including the coordinated duplication of all of its components and transformations, their adequate spatial distribution and temporal synchronization,… so that the cycle ends up in the physical multiplication and subsequent propagation of the original organization). In other words, the appearance of protocells capable of self-reproduction, in a minimal but biologically significant sense, required protocells that had already achieved not only a certain degree of functional diversity in their organization, but also the integration of all the aforementioned processes, with mechanisms to orchestrate and modulate the necessary changes in the compartment, together with changes in the internal reaction network, in response to environmental fluctuations or stimuli (Moreno, 2019).

At the level of the population, the transition from dynamic but globally stationary protocell organizations to reproducing ones will also have, of course, important and observable consequences: remarkably, much more obvious asymmetries (in terms of the underlying groups and population sub-structure) will start flourishing in the protocell suspension, since some of them will now be endowed with the intrinsic capacity to generate similar entities/organizations and, thus, potentially, to take over the whole population (or a good part of it – see Figure 2). Whether they manage to do so –or not– will depend on a number of interconnected variables (e.g., diverse growth-limiting factors, degree of stochasticity or success in the reproductive step, actual level of ‘mother-offspring’ similarity, protocell–protocell interactions…), which are usually condensed down, in classical evolutionary models, to the condition of whether their growth rate is effectively exponential or not.4 Anyhow, regardless of the particular interactive/competitive dynamics that may be generated among the different groups of self-(re-)productive protocells under limited availability for resources, the most relevant point here is that tokens start having an intrinsic potential to generate types in the population. And this radically changes the scene: proto-families of individuals with relatively higher similarities among them will emerge (see, again, Figure 2 – intermediate stages), since statistical/stochastic processes and other homogenizing effects can no longer compensate for those changes taking place, thanks to increasingly reliable reproduction, in specific –or at least more definite– directions within protocell ‘phenotypic space,’ so to speak.5
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FIGURE 2. Coarse-grain analysis of the emergence of protocell types in populations of interacting protocells, on their journey toward LUCA. (A) Narrowing funnel depicts an early, ‘messy’ prebiotic chemistry with a large diversity of colloidal aggregates (individuals and groups of individuals of low molecular and organizational complexity) developing toward relatively more homogenous sets of higher-complexity individuals. Small clusters of three circles represent protocell sets/populations and blue tabs depict the probability density of protocell types or “families” within the whole set at each stage. At the early ‘messy’ stage, the global system did not contain identifiable types of protocells; however, mixing events ℳ would have caused recombination and fusion of individuals, sometimes resulting in individuals of higher complexity. Diverse chemistries, mixing processes, along with environmental influences ℳ would eventually lead to the emergence of the first functional protocells (purple arrows depict key transitions toward higher complexity). Once functional diversity increased sufficiently, these protocells developed the capacity to autonomously grow and reproduce (𝒟, blue arrows), starting to generate protocell types and to evolve through natural selection (𝒩𝒮), thus constituting primitive ‘lineages’ and proper ‘populations.’ (B) The diminishing role of environmental driving forces and protocell fusion, and conversely the increasing role of protocell fission (and, thereby, 𝒩𝒮) and functional diversification, in driving transitions toward higher complexity on the road between messy colloidal chemistry and LUCA.


Nevertheless, the transition from bare, stochastic fission to reproductive fission processes in the protocell population, even if the latter become more reliable and effective with time, will not be the only aspect to be taken into account in this context. In fact, competitive interactions just based on differential reproduction of the individuals of a population, although traditionally associated with the concept of natural selection (NS), are not enough, by themselves, to develop complexity. Mechanisms to generate, manage and fix functional novelty in these prebiotic systems are also required. Otherwise, as we already argued in more detail (Moreno and Ruiz-Mirazo, 2009), the system would lead to evolutionary ‘dead ends’ (and this is particularly the case when reproduction is reduced to molecular replication). In a protocell scenario, like the one we are describing here, jumps in complexity, during initial stages, would certainly come from the non-linear couplings of self-assembling supramolecular entities, the vesicles, to more and more intricate chemistries that lead to self-production (i.e., minimal versions of compartmentalized metabolism). But these proto-metabolic systems will surely reach evolutionary bottlenecks, especially in the absence of an efficient machinery to ensure accurate heredity (i.e., the fixing and transmission of molecular and organizational features across generations). In this context, fusion events, probably preceded by vesicle aggregation phenomena (Carrara et al., 2012), will be quite critical, particularly if they involve the functional integration of those novelties previously developed in different protocells, to bring about a more complex protocellular/protometabolic organization (see Figures 2, 3 for more details).
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FIGURE 3. A selection of key processes driving and maintaining the emergence of protocell types in populations of interacting protocells. (A) Mixing of protocell populations, resulting in the fusion of individuals (tokens) from different populations. Protocell fusion would contribute to create (i) new functional tokens, (ii) functional tokens with the potential to become a new type over successive rounds of fission and (iii) novel but non-functional tokens. (B) Ecopoiesis in a population of protocells: synergetic or complementary relationships among members of different sub-populations (e.g., some protocells recycling the metabolic waste of some others) together with niche construction (due to the incipient capacities of these systems to modify their environment) would help in the recycling of limited material resources present in the environment, as well as to maintain diversity in the population composition. (C) Protocell fission via different pathways. (i) At early stages, environmental forces would scaffold the growth and division of simple protocells. (ii) The development of endogenous chemistries synthesizing membrane components would grant protocells the ability start dividing autonomously, but such fission would still be asymmetric and highly irregular during the first stages. Later protocells with more reliable division mechanisms would enter into “reproductive fission,” bringing about increasingly similar daughter protocells at more regular periods. When reproductive fission becomes highly reliable, as depicted in (iii), natural selection gains importance, reinforcing types in the population and establishing the first “phylogenetic trees” (despite massive horizontal relationships and exchanges among the different protocells, not represented in this figure).


Simon (1962) famously argued that the construction of complexity cannot be achieved in a single step. Indeed, different modules, if they come about in parallel (in our scenario: within initially independent protocells), must then be brought together in order to generate a more complex organization. This is a fundamental way of producing novelty, and fusion events should obviously contribute in that regard, but provided that the outcome of the process is adequately integrated, and the resulting (supposedly more complex) protocell remains functional (both in a metabolic and in a reproductive sense). These would be cases in which two (or more) tokens come together to generate a novel token which, in turn, will have (supposedly stronger) potential to spread into a new type in the population (see Figure 3A). Therefore, diverse interactive dynamics should come to play in the prebiotic scenario we are putting forward here: individual protocells (already belonging to incipient families/breeds) will of course compete for limited resources, and generate multiple functional variations (to be, then, selected); but this needs to be complemented with other associative or synergetic processes that are key to foster more significant jumps in complexity, when the population faces more stringent evolutionary bottlenecks. In sum, the implementation of the first major transitions in the origins of life will require that protocells develop mechanisms to achieve controlled cycles of reproductive fission, combined with the generation of an increasingly wider and richer domain of physiological functionalities (i.e., the protocell ‘phenotypic space’), for which –at least, occasional– events of integrative fusion would be also required. Nevertheless, all this will become more apparent when we describe the final stage of the process in the next section.




A HIGHLY COMPLEX FINAL STAGE: THE ORIGIN-OF-LIFE ‘SINGULARITY’

All that we have learnt in biology since Darwin has confirmed the deepest insight he left for us, and for future generations: the realization that each and every species/organism inhabiting the Earth ultimately comes from the same origin. Indeed, phylogenetic studies projecting as far backwards as possible (Weiss et al., 2018), together with analyses from micropaleontology (Javaux, 2019) and comparative ‘minimal-cell’ microbiology (Xavier et al., 2014), point toward a population of unicellular prokaryotes, sharing the same basic biochemistry and a set of fundamental biomolecular mechanisms, as the end of the process of biogenesis and the beginning of biological evolution, sometime between 3.500 and 4.000 million years ago. The individuals of this population were cellular metabolisms already endowed with an intricate architecture of relationships among its molecular components and transformation processes, most prominently incarnated by a translation apparatus operating through a common genetic code.

Given the wide scope of organic chemistry (not only in terms of molecular compounds, but also reaction mechanisms, supramolecular structures, emergent dynamic behaviors, etc.), one could speculate that alternative pathways for biogenesis were surely explored by nature on the surface of the primitive Earth. Or even more bluntly, that different origins were in fact accomplished, giving birth to radically different forms of full-fledged life, which only later, after the onset of biological evolution, would have gone extinct (e.g., see Figure 3 in Javaux, 2019). However, from the evidence gathered so far, plus the application of the parsimony principle, we can just safely say that the last universal common ancestor to all forms of life, as we know them on the planet (i.e., the so-called ‘LUCA’), consisted in a population of prokaryotic cells «using nucleic acids as genetic material, 20 genetically encoded aminoacids, ribosomes for template-directed protein synthesis and membranes that allowed for chemiosmotic coupling» (Gogarten and Deamer, 2016, p. 1). There is also quite widespread consensus on the fact that horizontal gene transfer (HGT) was ubiquitous at that stage, so this original population of organisms is typically conceived as a strongly communal society of microbes, which shared many of the molecular innovations that were encoded in their collective genetic repertoire (although that repertoire also allowed for an ample variety of physiological realizations, expressed functionally/phenotypically in each cell). In contrast, the debate turns fierce when theoretical proposals attempt to go further back and postulate stages before LUCA, like the ‘progenote’ (Woese and Fox, 1977; Woese, 1998), defined as an organism (or ‘proto-organism’) in which a full-fledged genotype-phenotype relationship would be incomplete – that is, still under evolutionary development.

Nevertheless, for the purposes of this article, and once assumed (as we did in the previous section) that the most plausible starting point for biogenesis is a population of protocells (rather than a population of replicating macromolecules, like RNA) it is not really necessary to enter in the discussion about the specific features of ‘pre-LUCA’ organisms. It will be sufficient to highlight a few milestones that had to be reached during the process, and describe the general trends at work throughout it. The first aspect to underline, depicted in Figure 2 (notice the funnel), is that the chemistry in development –toward a biochemistry– implies an increase in complexity but, at the same time, a reduction of possibilities. So to speak, in order to play a more and more complex game of molecules, in continuous transformation, a progressively higher number of rules must be fixed by the emerging prebiotic systems. These specific functional rules involve a set of high-order structures and control mechanisms of diverse nature (spatial, kinetic, energetic… control mechanisms; Ruiz-Mirazo et al., 2017), which operate as enabling constraints that, thanks to their concurrent action (harnessing and coupling chemical reactions and other basic processes taking place in the system and its close surroundings), open somehow the space of possibilities for new protocell dynamic behaviors.6 Therefore, the most interesting and relevant restrictions in prebiotic chemistry are those that allow for –and potentially enhance– functional performance and diversification, which, among other things, are critical to establish a process of evolution by natural selection (Moreno and Ruiz-Mirazo, 2009).

Second, but not less important in order to eventually reach a ‘LUCA-like’ population, protocellular systems need to implement strategies for reproduction that are increasingly reliable, ensuring fission events in which traits are inherited with higher and higher fidelity from one generation to the other. Therefore, the actual space of functionalities in construction during these prebiotic stages is not restricted to the sphere of physiological variables or the robust maintenance of each individual, but should include those mechanisms that make reproduction more efficient, as well as the control of trans-generational variability more precise (Ruiz-Mirazo et al., 2017). In other words, the propagation of a given material organization (the ‘token’) becomes relevant for its preservation, but at a different scale (at the ‘type’ scale), which transcends the individual (see discussion in section “Core Discussion: The Construction of Biological ‘Inter-identity’ as the Outcome of a Complex Process of Prebiotic Evolutionary Development”). This trend, together with the progressive extinction of all those incipient ‘families’ or ‘breeds’ that could not withstand an increasing selective pressure, would push the protocells to be more and more similar to each other, at least at a coarse-grain level of analysis of the global outcome (see Figure 2, upper part of the funnel). Of course, taking a somewhat deeper look into the population (Figure 3), phenotypic diversity will become apparent: e.g., variations in reproduction frequency, metabolic performance and requirements (nutrient uptake, release of waste products, motility)… plus many other properties one may think of. This diversity would come from environmental variations and the stochasticity inherent to all natural phenomena, but also due to fusion events, followed by functional re-integration processes (Figure 3A) which could still be crucial to overcome evolutionary bottlenecks at those later stages, too. Furthermore, at a wider spatial and interactive scale, synchronic proto-ecological relationships among different subgroups of the global protocell population, running their metabolism on complementary sets of nutrients/waste products, would provide additional support to maintain or increase functional diversity. These primary ecological relationships (depicted in Figure 2, and in more detail in Figure 3B) would also be crucial to solve difficulties (potential extinctions or global crises) derived from resource limitations, or protocell contamination of local environments, as remarked by Guerrero (1995, 1998) (who coined the term ‘ecopoiesis’ to refer to them).

Until we elaborate the knowledge and methods required to study in vitro protocellular families of intermediate complexity, at the actual interface between chemistry and biology, it will be very difficult to characterize precisely the late stages of biogenesis and determine whether the process unavoidably culminates in a singularity. However, all the evidence available to date suggests that, at least when it happened on the Earth, the final ‘phase transition’ from prebiotic to biological evolution must have been remarkably narrow and uniform.7 Only such a singularity can explain, at the same time: first, the universality of biophysical/biochemical mechanisms supporting all forms of life on the planet; second, the huge gap between chemistry and biology, with the wiping out of other possible systems inhabiting the ‘middle-lands’ of complexity; and third, the amazing adaptive and diversification capacities of living organisms, once biological evolution got started. Indeed, this singularity must have corresponded to the successful combination of (i) a highly efficient and robust way of performing metabolism, maintaining cellular activity and organization (in non-equilibrium conditions), plus (ii) a very reliable way of propagating, in space and time, that cellular organization, transmitting (via reproduction) the material components and the architecture of relationships responsible for it to other systems.

Here the importance of generating a complex hierarchy of macro-molecular controls, articulated through a translation apparatus between nucleic acids and proteins (more precisely, between their corresponding monomeric sequences), to implement a code-mediated genotype-phenotype decoupling in each individual system cannot be overestimated. In fact, it constitutes a tremendous organizational achievement, which surely involved a prolonged co-evolutionary process (Wong, 1975; Wong et al., 2016) between biosynthetic pathways and their own products/controllers, across many protocell generations. Yet, direct and precise control on metabolism does not come for free: the controlling material structures (fundamentally, proteins) get damaged and, thus, require some turnover/repair dynamics at characteristic time scales which are –obviously– longer than the characteristic times of the controlled processes (e.g., metabolic reactions), but shorter than the lifetime of the global, cellular system where they occur. Now, the synthesis of a macro-molecule like a protein, whose functional properties depend on the specific sequence of amino acids defining its long primary structure, is not trivial at all – nor energetically cheap. This is why we do not find proteins in meteorites, or in places with no presence of living cells. But nature, ages ago, somehow managed to make the recursive construction of these highly sophisticated controllers viable, thanks to the generation of a set of quasi-inert ‘material records’ (Pattee, 1969, 1977) that operate, within these cellular systems, in a highly indirect and inactive (i.e., decoupled) way, mainly providing their template structure for transcription or replication, whenever necessary – like DNA actually does in any living cell. In other words, the key was to produce a set of constraints to guide and habilitate the functional activity of other constraints: i.e., a set of encoded, self-referential meta-rules (genetic mechanisms).

von Neumann (1966) had the profound intuition that a ‘universal constructor’ must contain its own description, clearly separated from the rest of the system, in order to overcome a fundamental threshold of complexity, from which it can evolve toward other forms of complexity without degradation and decay (see also McMullin, 2000). This fundamental insight, even if it must be reformulated in the light of current biological knowledge (realizing, for instance, that a genome represents a surprisingly minimalist and partial description of the system), and even if it should be properly naturalized (i.e., reconsidered in less abstract/artificial terms: taking the energetic and thermodynamic aspects of the problem into account), remains essentially valid (Ruiz-Mirazo et al., 2008). At its most basic core, life is a long-term sustainable phenomenon on the surface of the Earth because it is capable to propagate reliably the ‘von Neumann architecture’ across space and time (from cell to cell to cell to cell…) thus, avoiding decay. This is why we can assert that life depends on ephemeral individuals carrying out their metabolic and cellular activities but it also transcends any particular one of them. Somehow, such a fundamental architecture, characteristic of all forms of life, would constitute a ‘super-type’ (or a ‘meta-type’: that is, a type of types that got established during the last stages of the origins of life and has remained there, at its deepest core, ever since).

Returning to our prebiotic context, the relevance of this complex transition in which protocells convert into genetically instructed metabolizing cells, through the development of a translation code, lies in the fact that two huge problems are solved at once: (i) endowing individual non-equilibrium systems with unprecedented dynamic and adaptive robustness, together with (ii) the generation of reliable phylogenies in the population, across time, which mark the beginning of open-ended evolution. Therefore, the first minimal living beings were, indeed, entities with their own identity. First, because they constituted material systems that distinguished themselves from other systems, staying the same individual organization that each of them was, previously in time (in other words, each got realized as a token identity). And second, because those material systems were, for all relevant purposes, equivalent to other systems in the (LUCA or ‘pre-LUCA’) population, sharing the same potentialities held by any other member of such a population (i.e., they collectively developed into and, thus, belonged to a type identity). Fair enough: one can thus use and build on the concept of identity, starting from the most elementary biological sense. But, turning the question around, what is it that makes this identity actually biological? Why is this identity such a special case, intrinsically different from other identities that one may recognize in the physico-chemical world? Let us discuss this key point more carefully and extensively in the next section.



CORE DISCUSSION: THE CONSTRUCTION OF BIOLOGICAL ‘INTER-IDENTITY’ AS THE OUTCOME OF A COMPLEX PROCESS OF PREBIOTIC EVOLUTIONARY DEVELOPMENT

Multiple concurring aspects make the identity of biological entities markedly distinct from other identities that we encounter and try to characterize in the natural world. Most of those aspects derive from the way in which living systems were generated in the first place, and hence the importance of studying the problem in a prebiotic context. Following this genealogical approach, which focuses on the ontological roots and primary causal mechanisms behind the phenomenon, we are now ready to explain that biological identity is singular, among other things, because the processes of construction of tokens and types get intrinsically interconnected during biogenesis. Then, in the second part of this final section (before concluding with a few general remarks), we will argue that those processes necessarily imply system-system and system-environment interactions of diverse kind, so the use of the idea of ‘inter-identity’ is perfectly justified and, in fact, within the biological domain, it represents a more adequate theoretical choice than bare ‘identity.’

As we have elaborated so far, the origins of life require the development of individuals with a truly convoluted molecular and dynamic organization. Even if one acknowledges the inherent self-organizing properties of matter, in particular if it engages in non-equilibrium states and far-from-trivial transformation processes, the gap between physics/chemistry and biology remains too vast, insurmountable through any clear sequence of steps. Under these circumstances, and despite the many difficulties and uncertainties involved (Ruiz-Mirazo et al., 2017), the road toward biological ‘hyper-complexity’ only seems accessible for heterogeneous protocellular systems (compartmentalized chemical mixtures) that manage to tame spontaneous fission and fusion processes in order to increase their robustness and, at the same time, gain control on their own variability. It is precisely during this transition toward reproductive protocellularity that a new ‘token-type’ relationship emerges in nature. Until that stage, tokens did not have generative power, as far as types were concerned (i.e., the process of coming to existence of each token belonging to a type was, in principle, independent from that of any other particular token within the same type).8

However, when protocell fission processes become effectively reproductive, genealogical typologies (‘lineages’) start being produced in the population: namely, (increasingly long) temporal series of protocells that are connected by a continuous line of descent from ancestor to offspring, maintaining similarity across reproductive steps, but bringing about physical discontinuity at each division event, as well (see Figures 3Cii,iii). This spatially and temporally extended set of similar tokens will naturally constitute a type. The more reliable token reproduction becomes, the larger, deeper and more manifest the type will turn out to be, and the more deeply interbred the two (type and token) will get. Now, let us analyze this more carefully (for a similar, complementary view, see Moreno, 2019). A first observation is that the production of these genealogical types is based on the organizational dynamics of individuated tokens, which must recursively grow, reshape their boundary, duplicate their key components and distribute them in such a way that, when fission occurs, two (or more) similar tokens are actually produced. This implies a steady organizational continuity during the process, which is only interrupted when fission occurs. Yet, in order to ensure organizational continuity, the system, strictly speaking, cannot remain the same: it must establish ‘cycles,’ i.e., well-ordered sequences of states in which the progressive creation of an “embryo,” a duplicate of that organization, is naturally integrated within the dynamics of the reproductive token (that is, within the same compartmentalized individual).

A second observation is that the self-reproducing organization triggers an indefinite production of similar –though spatially separate– organizations. Because of this, each individualized entity (token) resulting from a reproductive cycle potentially inherits a specific organizational identity and, when this is actually realized, the sequence of generations constitutes a unique type (lineage). Thus, in an effective reproductive process, there is type continuity, since the mechanism is articulated, precisely, to ensure trans-individual sustainability and, thereby, similarity between the generator and the generated, bringing about an uninterrupted temporal succession of similar organizational tokens. In fact, the latter constitutes the basis of the type continuity between two systems (the reproducer and the reproduced) and, by extension, between all the members of an entire lineage. Again, as the mechanisms of self-production and re-production become more and more robust and reliable, also the degree of similarity between reproducer and reproduced will increase, the propagation process will be extended to larger spatial and temporal scales, and the ‘token-type’ relationship will develop tighter and tighter.

Finally, it should be underlined that these new genealogical types are by no means observer-dependent constructs, but system sets in their own right, endowed with their own causal power. Reproduction establishes an indirect and asymmetric –but deeply relevant– interconnection between the actual token organization and the lineage it contributes and belongs to. Given that the organization of each reproducing protocell triggers a temporal succession of similar entities (namely, the lineage), and given that this concatenated set of similar entities has an important impact at the level of population dynamics (i.e., determining, to a good extent, what stays and what decays), we can say that the type stabilizes that specific form of organization, despite the relatively short duration of the tokens that embody such an organization. In other words, as the reproduction of the organization of particular (transient) tokens becomes increasingly reliable, the type becomes more relevant for the maintenance of that kind of organization, beyond the lifespan of any particular token. Since the same organization is re-generated, once and again, through growth and reproduction, its long-term stabilization comes to depend, ultimately, on that uninterrupted propagation dynamics (which is a fundamental axis of the population dynamics). As a matter of fact, it is this entangled relationship between reproducing protocell/proto-metabolic cycles and their trans-generational and causally (spatially and temporarily) more remote consequences, in an environment with limited material resources, that creates the basis for the unfolding of an evolutionary domain. The key point here is to realize that without this domain, which introduces an intrinsic historical dimension in the phenomenon under construction, and whose logics and dynamics cannot be understood unless we resort to a completely new collection of conceptual categories (population, lineage, heredity, selection, fitness function, fitness landscape,…), it is virtually impossible to give a complete account for the origins of full-fledged living individuals.


On Biological ‘Inter-Identity’

Therefore, it is quite revealing to conceive the construction of biological identity in the context of that process of interbreeding between the physiological-cellular-metabolic ‘token-identity’ of individual, cyclic and reproductive organizations, and the evolutionary-population-historical ‘type-identity’ of collective phylogenies following open-ended (bifurcating and extinguishing) pathways. In that sense, our position is akin to Montévil and Mossio’s (2020), who claim (in this same issue) that biological identity is shaped, in scientific practice, at the crossroads between «historical and relational conceptions [of the living]», carrying out a purely epistemological treatment of the problem. In contrast, we delve into the ontological and genealogical reasons behind the phenomenon, from the point of view of its progressive prebiotic emergence, and this allows us to discuss several issues in greater depth, like the importance of the ‘interactive’ aspects involved – as we do just below, to start concluding our contribution (also summarized schematically in Table 1).


TABLE 1. Minimal interactive dimensions required for the construction of biological identity.
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A first fundamental sense in which biological identity conveys interactive processes is related to the non-equilibrium thermodynamic conditions under which any (proto-)metabolic and (proto-)cellular organization must thrive. Biological organisms, together with all their preceding, simpler forms of individuality, beginning from the first relevant self-organizing and self-assembling phenomena (as described in section “A Plausible Departure Point: The ‘Heterogeneous Protocell Population Scenario”’), are necessarily open systems that require the management of matter and energy resources, taken up from the environment, in order to achieve their own, autonomous construction (Ruiz-Mirazo and Moreno, 2004). Just by itself, this dynamic and asymmetric ‘system-environment’ relationship would be enough to argue that the identity of any living being is, in reality, an identity constructed in interaction, or an inter-identity. In fact, the capacity of biological systems to modulate functionally that intrinsic and unavoidable coupling they need to maintain with their local environment has developed into multiple and highly sophisticated forms of ‘agency’ (Barandiaran et al., 2009), including the active modification of (more global) boundary conditions in their own benefit. Nevertheless, this is only the basics, the primary stratum on which many other layers and modalities of inter-active dynamic behavior get supported.

A second line of argument to state that any biological identity is intrinsically interactive has to do with the fact that populations of living organisms, right from their very beginning, must be ecologically organized. Lacking space here to analyze this topic in sufficient detail, we simply mentioned above how important ecological relationships are to ensure diversity: i.e., not only intra-cellular functional diversity (at the level of the molecular components of an individual), but also inter-cellular phenotypic diversity (at the wider level of individuals within a population). Although both are crucial to overcome evolutionary bottlenecks, the latter (which properly defines the domain for ecology) involves the need to establish consistent, auxiliary ‘system-system’ (i.e., cell–cell) interactions, in such a way that the whole population (ultimately, the emerging biosphere) is sustained by an underlying structure of sub-populations and a complex network of synchronous relationships of inter-dependence among them (food-webs, syntrophy, commensalism, nutrient exchange, and cross-feeding.).9 Without this supporting network, in which individuals of diverse (sub-)populations construct a set of ‘niches’ collectively [i.e., in direct interaction/conjunction with individuals of other (sub-)populations], life as a global-level phenomenon would be much more fragile, much weaker against perturbations in the external boundary conditions, and for sure unable to modify actively those boundary conditions. After all, no living cell can develop its ontogenetic existence in an abiotic environment, but in a confederacy or consortium of metabolic reciprocities – i.e., in the context of an ecological organization (Mori et al., 2016; Smith and Morowitz, 2016). From this perspective, the identity of a living entity would be molded, in a highly relevant biological sense, as well, in terms of those sub-populations and ecological relationships involving members of different types. So we are referring here to those aspects of the identity that are constructed through multiple tensions and complementarities with different (biological) others.

Nevertheless, in line with the ideas expressed in the initial part of this last section, the most characteristic sense in which biological identities are, in fact, inter-identities is linked to the highly convoluted and extended causal tapestry that living organisms must weave in order to complete the process of biogenesis. No cell in nature ever emerged from scratch: it could not, in prebiotic times, and it cannot, today; a cell always comes from another, phylogenetically related cell (Virchow’s dictum, back to the fore). And when a new cell is born, all of its components and organization come directly from the previous one, whose components and organization come from a previous one, and so on and so forth. So biological identity does not belong, exclusively, to any single living individual. It is a complex, transversal and transgenerational construct, with multiple sides and shades of meaning. This is precisely why it can be useful to show the diverse intricacies involved, highlighting the different scales and dimensions of the problem, synchronic and diachronic, that require integration. Cells exist and get realized as individuals; yet, they cannot come to existence and thrive but in the context of populations of similar cells. The development of proto-cellularity was itself an evolutionary process that involved myriads of metabolizing and reproducing individuals, going through a long and wide history of events. Variation (or, more precisely, control on variation) must play a fundamental role in that account, too. However, there is little to do without reliable reproduction, understood as the multiplication and propagation of complex organizations (Kauffman, 2000). In addition, we gave several reasons to believe that that is the way it ought to be for any living world to unfold. Therefore, an important part of the ‘inter’ of biological inter-identity is meant to capture those asynchronous, deep and remote linkages that must be established among similar, in-practice-equivalent (biological) others.




FINAL REMARKS: EXPLORING THE PRINCIPLES OF EVOLUTIONARY SYSTEMS BIOLOGY FROM A GENEALOGICAL PERSPECTIVE

There are many unknowns and open questions about the sequence of transitions from the messy, colloidal scenario described in section two, toward the much more complex stage outlined in the end of the third one, at the onset of biological evolution, where heterogeneity is also ubiquitous but expressed in much more regular, sophisticated and intertwined forms. In any case, no origins-of-life researcher will doubt that, somehow (sooner or later, but within the actual process of biogenesis), prebiotic systems had to develop into functional reproductive protocells. Our claim, quite distinct from the still mainstream views in the field, is that this step had to take place early, so that there was sufficient time and opportunities, from that point onward, for protocell systems evolution (Piedrafita et al., 2017; Shirt-Ediss et al., 2017) to proceed. The appearance of endogenous functionalization and reproductive fission in these first protocells would not necessarily coincide (notice the different endings of the triangle peaks in Figure 2B), but they should join forces soon. In this way, the relative importance of exogenous, environmental factors on protocell dynamics and evolution trajectories would progressively diminish, giving way to endogenous protocell activity as the main driver of the process. Nevertheless, as we argued above, many properties emerging in the protocell population, even at the individual level, cannot be accounted for just in purely physiological terms: we need to expand the explanatory context and our repertoire of epistemological constructs to cover wider and longer-term scales, because at least part of the relevant mechanisms (natural selection, ecological niche-construction, genetic drift, geographic distribution, phylogenetic relationships, etc.) operate at those scales.

We consider that this comprehensive prebiotic perspective, which acknowledges the importance of both organizational and evolutionary aspects in the problem, provides a great opportunity to open an investigation program on the fundamental principles underlying biological phenomenology. Living systems are hyper-complex, indeed, and facing that complexity upfront, all at once, is extremely hard. Multiple decomposing or simplifying strategies have been tried during the –still short– history of natural sciences, with diverse degrees of success. Actually, most of what we know about the living domain comes from those analytic strategies, which should continue being pursued and developed further in the future. Nevertheless, complementary integrative approaches must be implemented, as well, like the young field of ‘systems biology’ has already demonstrated (Westerhoff and Palsson, 2004; Boogerd et al., 2007; Hübner et al., 2011). Yet, most of those approaches have been applied, so far, to start filling in the apparent gaps between molecular and cell biology. Perhaps an alternative and potentially very fruitful idea would be to elaborate explanations from the bottom-up, but in a strong genealogical sense (i.e., starting from biologically inspired chemistry). Origins-of-life research has the advantage that the relevant systems under scrutiny, by definition, ought to be simpler than living beings: the further back in biogenesis, the simpler they should actually be. In this way, the emergence of increasing layers of complexity during the process, and the general principles behind each transition step can be much more explicitly and precisely addressed (whereas the study of real biological systems forces us to deal with all those –deeply intertwined– layers at the same time).

Systems biology, despite its remarkable advances in recent years, is still awaiting key theoretical insights to unveil the general principles of organization behind life’s complexity (beyond the non-reductionist philosophy and methods developed from network theory and the sciences of self-organization). In addition, several authors have suggested that a new synthesis is required, and has already begun, in which systems and evolutionary theory merge (Soyer and O’Malley, 2013; O’Malley et al., 2015). Investigations on the origins of life, especially if they contemplate the actual interbreeding between organizational and evolutionary aspects of the problem (e.g., working with various kinds of protocell families, but including in the study short-/long-term effects coming from their population dynamics), could constitute very fertile ground for this ambitious project of bringing together two major traditions in the life sciences (the physiological and evolutionary traditions), and try to generalize, thereafter, biological theory. One may even dare to say that those investigations represent the most promising avenue of research in that direction, with an important input from the currently flourishing field of ‘systems chemistry’ (Ruiz-Mirazo et al., 2014, 2017).

In any case, the magnitude of the challenge ahead should not be underestimated. We, as human beings (and more so as scientists), tend to search for shortcuts, for simplified pathways that logically connect different phenomena and observations of the world surrounding us. This is just our natural way of learning and understanding. So those of us especially interested in the advent of living cells are, of course, eager to learn and understand the process of biogenesis before our own cells cease to exist. Yet, the complex tapestry of life must be autonomously weaved… and deciphering all the inter-identities involved may take quite a bit of time, effort and patience.
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FOOTNOTES

1Not only from endogenous sources (Rushdi and Simoneit, 2001; McCollom and Seewald, 2006), but also coming from meteorites and additional extra-terrestrial processes/bodies (Deamer, 1986; Dworkin et al., 2001).

2Other authors have previously suggested the relevance of a similar scenario for the origins of life (e.g., Norris and Raine, 1998), but we will explore here several specific aspects and non-trivial implications of it, which have not been considered in the literature so far.

3In fact, as we will discuss in more detail below, in such a scenario it is difficult to characterize those chemically reacting compartmentalized systems as tokens whose similarities could derive into stable types. At least, according to a concept of ‘type’ that assumes the ontological pre-existence of well-identifiable ‘tokens’ that share a number of similarities. One could, of course, try to isolate and characterize embryonic individuals, emerging out of the myriads of interactions within that global colloidal messiness; and, then, try to classify those diverse members of the protocell population into several groups (according to different criteria: e.g., vesicle size and composition are the most obvious – but also their shape, individual mass density, internal concentration of organic matter, their propensity to form clusters, their growth kinetics, the osmotic tension of their membrane, etc.). However, the continuous, highly stochastic transformation of the complex colloid would make this task, in practice, impossible.

4Exponential growth rates lead to mutually exclusive situations (there has to be a winner), whereas sub-exponential growth rates (e.g., parabolic ones, for instance) allow for co-existence of multiple types in the population (Szathmáry and Gladkih, 1989). The mechanism of natural selection (NS) has been traditionally linked to exponential growth dynamics, but this remains a property of highly idealized evolutionary models. In a more realistic setting, like the prebiotic scenario proposed in this paper, we consider that diverse selective pressures would be operating at different levels (molecular, proto-cellular, proto-ecological…) and across various temporal scales. Those pressures and selection dynamics ought to be properly characterized in future research on prebiotic evolution, including the analysis of their relative strengths (not only in terms of mean growth/reproduction rates of the individuals within a population at a certain stage, as it is classically done, but also throughout consecutive generations, in wider time windows – e.g., in terms of ‘individual histories’; Leibler and Kussell, 2010).

5Thus, the notion of type gains ontological status at this stage. It is not just an epistemological option, because the protocell population gets actually distributed in ‘families’ or ‘breeds’ and any collective description of the global system state must capture these manifest asymmetries (see Figure 2). But the most interesting –and somewhat paradoxical– point here is that reproduction (the generation of a type) is what stabilizes the token identity of the reproducing protocells. Thus, once again, it is through the interactions (here, through the uninterrupted sequence of reproductive cycles) that a more robust form of self-constructing token identity appears. As we have seen, the previous situation depicts a world of unstable, ever-changing compartmentalized systems. Yet, when some protocells are endowed with the intrinsic capacity to produce –both spatially and temporally– similar entities, they will stabilize a specific kind of token. Obviously, not the same token; but, rather, its identity as a token.

6Given the far-from-equilibrium conditions under which these systems had to operate, together with the continuous processes of fission and fusion going on in the population, the game obviously is not played just within individual protocells but also among them (see section “Core Discussion: The Construction of Biological ‘Inter-identity’ as the Outcome of a Complex Process of Prebiotic Evolutionary Development”).

7As we commented in previous paragraphs, phenotypic diversity had to be present in any ‘pre-LUCA’ cell population, so narrowness here is a relative notion, of course. Yet, the amount of basic material and organizational features shared among the members of that population had to be exceptional, leading to a global picture of strong homogeneity, in comparison with previous phases (see upper part of Figure 2), and especially regarding the “chassis” of the cells (the characteristic way of organizing their fundamental components and transformation processes).

8Perhaps there could be some discussion on whether molecules that are synthesized through autocatalytic mechanisms, which are widely spread in chemistry, contradict this statement… but, since a seed is always required for autocatalysis to proceed, an alternative pathway for the primary production of those molecules should be available, at any rate. In contrast, this is definitely not the case when we speak about living cells (recall Virchow’s dictum: omnis cellula ex cellula).

9A word of caution here about ‘synchronicity’: ecological time scales are, of course, longer than the characteristic physiological (ontogenetic) ones, since ecosystems involve changes at the level of populations (or sub-populations) and beyond. However, in comparison with intrinsically asynchronous relationships, like phylogenetic connections, it is quite clear that ecological mechanisms and organizations should be conceived as synchronous, in the sense that they operate at the same time scales as the actual population/sub-population dynamics.
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We address the identity of biological organisms at play in experimental and modeling practices. We first examine the central tenets of two general conceptions, and we assess their respective strengths and weaknesses. The historical conception, on the one hand, characterizes organisms' identity by looking at their past, and specifically at their genealogical connection with a common ancestor. The relational conception, on the other hand, interprets organisms' identity by referring to a set of distinctive relations between their parts, and between the organism and its environment. While the historical and relational conceptions are understood as opposed and conflicting, we submit that they are also fundamentally complementary. Accordingly, we put forward a hybrid conception, in which historical and relational (and more specifically, organizational) aspects of organisms' identity sustain and justify each other. Moreover, we argue that organisms' identity is not only hybrid but also bounded, insofar as the compliance with specific identity criteria tends to vanish as time passes, especially across generations. We spell out the core conceptual framework of this conception, and we outline an original formal representation. We contend that the hybrid and bounded conception of organisms' identity suits the epistemological needs of biological practices, particularly with regards to the generalization and reproducibility of experimental results, and the integration of mathematical models with experiments.

Keywords: organization, genealogy, constraints, measurement, biological identity, variation, mathematical modeling


1. INTRODUCTION

Scientists often describe biological organisms as exquisitely complex objects. The adjective “complex” has various meanings, and one points to a difficulty in providing an adequate account of their identity, notably in modeling and experimental practices. What does organisms' identity refer to? As for any object, the identity of an organism designates what makes it what it is and, thereby, what makes it different from something else.

We can understand every conception of organisms' identity as spanning over a spectrum going from more stringent to more inclusive interpretations. At one end of the spectrum, the identity of an organism points to its unicity, i.e., the fact of possessing a unique set of properties, making it different from any other organism (and, a fortiori, from any other object). On the other end, the identity of an organism refers to its individuation, i.e., the fact of possessing those properties that allow drawing its boundaries and discriminating it from the surroundings. The reason why we take here individuation as the most inclusive interpretation of identity (among the many possible ones in the spectrum) is that even though organisms differ in many respects, we assume that they share a few (if not the very same) fundamental properties on the basis of which they can be isolated and recognized as organisms. Identity as unicity is often referred to as numerical or absolute, while identity as individuation—as well as for all possible intermediate interpretations—is relative, in the sense of only holding in relation to specific properties (Noonan and Curtis, 2018).

Each interpretation of identity in the spectrum provides criteria that generate a reference class. When understood as unicity, each identity class is supposed to contain only one organism; when understood as individuation, on the opposite side, a class should contain the largest number of (if not all) organisms. We understand more inclusive classes as being presupposed by more restrictive ones: in particular, the unicity of a given organism presupposes that it also meets the more general requirements for individuation. Furthermore, as philosophers commonly point out (see for instance Boniolo and Testa, 2012), the question of identity can be raised both at a given moment (“synchronic” identity or “who” question) and through time (“diachronic” identity or “persistence” question). Whatever interpretation of identity is adopted, one can investigate not only whether a given organism meets the criteria of membership to the reference class here and now, but also whether it keeps complying with them over time; the more the class is restrictive, the less it tolerates changes.

The choice of the interpretation of organisms' identity depends on the aim pursued. In science, moreover, interpretations and classes are not supposed to be merely arbitrary or practical groupings of objects: to be relevant, they should stem from theoretical conceptions and frameworks (Grimaldi and Engel, 2007). In evolutionary biology, notably, organisms are classified into several taxa, which in turn form a hierarchy of taxonomic ranks that includes the species, the genus, the family, up to life as a whole. These taxa are grounded in evolutionary theory (Lecointre and Le Guyader, 2006), and serve many purposes as eliciting further questions on evolutionary processes or providing tools for conservation biology (Godfray et al., 2004).

In this paper, we focus on the concept of organisms' identity that is relevant to experimental and modeling practices in Biology. Experimental practices require observing particular organisms. Yet, the knowledge that biologists usually try to obtain from their experiments is not supposed to be just about particular organisms but, instead, to hold for any other organism endowed with the same relevant properties. In particular, biologists need some theoretical justification for considering that several organisms are instances of the same experimental object, so as to distinguish the effects of experimental difference-makers from unrelated, spontaneous variations (Waters, 2007). In other words, experimental results obtained about a particular organism, or a few particulars, should apply to any other organism belonging to the same class. What is at stake is the generalizability of scientific knowledge and the related reproducibility of experimental results—the latter facing currently a major crisis, especially in biomedical research (Baker, 2016).

The complexity of biological organisms vis-à-vis identity is the acknowledged difficulty of treating particular organisms as instances of the same experimental object, and of subsuming them under the relevant classes (Agutter and Wheatley, 2004; Bookstein, 2009; Montévil, 2019a). Several reasons seem to play a role in explaining such difficulty.

The first reason is that, in both theoretical and empirical practices, scientists can only take into account a few aspects of biological organizations, understood here as the whole set of functions and processes constituting each organism. Typically, mathematical models only focus on some target features while neglecting many others, although such neglect does not rely on a clear theoretical justification and a systematic method. The same applies to experimental quantitative measurements, which are limited to only some aspects of the organisms under study.

A second reason, related to the previous one, is the strong coupling between biological organisms and their context. The context should be understood here in a comprehensive way, so as to include abiotic elements as well as other organisms, both participating in the determination of organisms' identity (Gilbert et al., 2012; Miquel and Hwang, 2016). Disentangling such a network of interactions requires understanding what matters and what does not when examining a specific phenomenon. For example, laboratory animals tend to have immunological properties that are different from those of wild animals because they usually experience a lower microorganisms biodiversity (Abolins et al., 2010).

A third reason is that contingent features that appeared throughout historical processes contribute to determining the properties of current organisms. In evolutionary theorizing, this idea corresponds to the “contingency thesis” (Beatty, 1995). Ontogenesis also conveys contingency, for example as a result of developmental plasticity (West-Eberhard, 2003). Organisms are contingent objects because they undergo continuous variations, and part of these variations last over time. Distinct individual organisms undergo different variations and generate new organisms that undergo further variations. Moreover, variations of organisms can also affect their context. Therefore, each organism results from such an intra- and cross-generation history of individual and contextual variations: in a word, organisms are historical objects (Montévil et al., 2016; Kauffman, 2019).

For all these reasons, an account of organisms' identity as experimental objects is a challenging task. Specifically, the challenge consists of adopting a conception of relative identity that generates one or several classes appropriate for the generalization and the reproducibility of experimental results. Such a conception would provide an operational tool for both empirical practices and mathematical modeling.

How is organisms' identity conceived in current biological practice? It seems to us that two broad theoretical conceptions can be distinguished. The first conception is historical or genealogical. Accordingly, a bat is a bat because all bats share a common ancestor, while other life forms do not (Lecointre and Le Guyader, 2006). Genealogy has here a twofold sense: a narrower one that maps onto reproductive relations; and a broader one that refers to the role of the past in determining the identity of a biological organism. In the latter sense, today Alice is Alice because she has been named so in the past, even though she has considerably changed over time. The second conception is relational. Biologists define organisms relative identity by referring to a set of relations between properties and traits that they possess. Following this strategy, a bat is a bat because it has the distinctive relations between properties and traits of bats.

As we will discuss, each conception is open to different interpretations of identity, going from more restrictive to more inclusive ones. For instance, evolutionary taxa also stem from a genealogical conception, but these classes are much more inclusive than the ones which are relevant for most experimental practices, where biologists deal with strains rather than species or higher ranks (see Montévil, 2019a, for a discussion and detailed examples). Importantly, the distinction between the genealogical and relational conceptions does not map onto the distinction between diachronic and synchronic identity, which means that each conception can be applied to characterize both the synchronic and diachronic identity of organisms.

Both conceptions are at work in experimental practices, and each of them has strengths and weaknesses. Genealogical strategies, we argue, enable scientists to consider whole organisms as identical without, however, making explicit the domain of validity of experimental results. In particular, it is unclear how much variation a set of genealogically connected organisms can undergo (during ontogenesis and across generations) while maintaining a relevant identity for a given experimental purpose. Relational strategies, in turn, make explicit their domain of experimental validity that, however, is restricted to the properties and relations explicitly taken into account. Organisms are relationally identical only insofar as it is possible to isolate such properties and to exclude any other aspects or changes that could (and actually do) make them different.

We can understand the relations between these two conceptions in different ways. One could favor the genealogical conception because it matches the historicity of biological organisms that emanates from the Darwinian theory of evolution. Alternatively, one could argue that the relational conception is the most fundamental one; its limited validity would be the mere effect of our (current) lack of theory and empirical knowledge. An example of the latter attitude (although not specifically addressing experimental practices) is Goodwin and Webster's relational theory of form changes that they take as a requirement to ground phylogenetic reasoning (Webster and Goodwin, 1996). As in physics' models of morphogenesis, the authors argue that genealogical categories (as homology) should stem from relational descriptions.

We advocate here a different view. We argue that biology requires combining genealogical and relational conceptions, with the support of an appropriate theoretical framework. The genealogical conception provides a procedure to select whole organisms as candidates to be subsumed into relevant identity classes. In turn, the relational conception – especially in an organizational version—provides explicit guidelines to understand the stability of biological organisms and, thereby, of the domain of validity of identity classes, notably in time. The main upshot of our analysis is a hybrid and bounded conception of organism identity. Organisms can be subsumed under hybrid identity classes that support the reproducibility and generalizability of experimental results. Nevertheless, the validity of identity classes for experimental practices is inevitably limited in time and space, which draws a fundamental difference between biology and other natural sciences, in particular physics and chemistry.



2. CONTRASTING GENEALOGICAL AND RELATIONAL CONCEPTIONS OF IDENTITY

We describe in this section the two conceptions of organisms identity at work in experimental and modeling practices in biology, and we focus on their background epistemology. We aim at making explicit their respective strengths and weaknesses which, because of their complementarity, open the way to the elaboration of an integrated conception.


2.1. Genealogical Identity

A genealogical (or historical) conception of identity may take different forms. For instance, genealogical identity can be understood as the preservation of properties having occurred in the past. The version which is at work in biological disciplines conceives organisms' identity in terms of a more generic connection with the past. Several organisms are the same when they have a particular connection with the past in a historical process.

Historical identity is—unsurprisingly—at work in systematics, the discipline that elaborates the classification and taxonomy of biological organisms and whose results are used ubiquitously in biological practice. In systematics, particular organisms are considered as members of the same class if they belong to a monophyletic group, which includes only and all the descendants of a last common ancestor. How do systematics build classes? While the concept of genealogy comes from Darwin's theory of evolution, genealogies are usually not observable as such. For example, it is not possible to ascertain that a given fossil species is an ancestor of a current species. Instead, it is possible to show that a given specific fossil species is more closely related to a given current species than to another one. As a result, unlike the genealogy stricto sensu, phylogenetic groups are defined by their assessed genealogical proximity, and last common ancestors are theoretical specimens that biologists do not identify empirically (de Queiroz, 1992; Lecointre and Le Guyader, 2006; Lecointre, 2015).

The use of the genealogical conception of identity extends to day-to-day experimental practices across various biological disciplines. Biologists establish laboratory strains and usually run experiments on organisms coming from the same strain. By this practice, experimental biologists consider different individual organisms as hypothetically identical. For example, biologists assume that the properties of these organisms follow the same probabilistic distribution in statistical tests. When applying this conception, biologists do not exhibit a given set of observable properties that the organisms would share; instead, they build the identity class by referring to their shared recent origin. The “Methods” section of most experimental papers explicitly relies on this strategy.

Compared to the phylogenetic method of classification, the experimental practice is, at the same time, less conceptual and more operational. Experimental biologists do not estimate the genealogy by theoretical arguments based on similarities and hypotheses on evolutionary processes. Instead, they control genealogy empirically by letting the “ancestors” reproduce in laboratory conditions (Chia et al., 2005). Besides, the relevant identity classes at play in the experimental practice are often narrower than the taxonomic ranks. The latter often appear to be inadequate when trying to generalize experimental results. In the terms used above, we could say that experimental practices adopt a more restrictive interpretation of genealogical identity when compared to systematics.

Whatever interpretation is adopted, the genealogical strategy provides criteria that apply to both synchronic and diachronic identity of organisms. A group of organisms shares the same synchronic identity if they have a genealogical connection with a specific common ancestor. Likewise, each organism remains diachronically a member of the same class whatever difference (due to variation) appeared—or will appear—between it and the ancestor through time.

Identity classes built on genealogical conceptions (at least in the version discussed here) put no principled restrictions on the amount and nature of variations that each member of the class can undergo. The genealogical conception of identity can accommodate completely open futures, including the appearance of both structural and functional novelties, as well as radical changes of already existing structures and functions (Lecointre, 2015). Accommodating these novelties is a growing concern of theoretical biology (Montévil et al., 2016; Kauffman, 2019; Montévil, 2019b). Such inclusiveness is a strength of the genealogical conception of identity that enables biologists to accommodate the diversity of living organisms. For example, the “tetrapods” are organisms that have a common ancestor possessing four skeletal limbs. While most members of the class do share that trait, sub-classes such as snakes lost it. However, snakes remain part of the class since the definition refers to the common ancestor and not to the observable properties of the objects. This somehow paradoxical lesson can be generalized: no single observable trait or property has to be shared by a group of organisms being identical only by the reference to the past.

Let us mention one last aspect concerning genealogical strategies. In principle, ascribing a relative genealogical identity to a group of organisms requires estimating their genealogy and their connection to a common ancestor. However, in systematics, the common ancestor is not directly accessible and cannot be an empirical reference. Instead, biologists anchor a name to a specific individual organism called a “name-bearing type” that is the ultimate reference for this name (CZN International, 1999). Name-bearing types are not the common ancestor of a taxon but, instead, specimens that serve to define a name. The name is then extended to a group of organisms that includes the type and all the descent of a common ancestor, assessed by the methods of phylogeny (Lecointre and Le Guyader, 2006; Grandcolas, 2017). Experimental biologists can also obtain generations of organisms from an initial controlled group of organisms (although not necessarily from a specific individual common ancestor). Then the strain is defined by the reference to this group, often indirectly by the combination of the strain label and the name of the breeding institution. It is instructive to contrast these uses of particulars with the definitions in the International System of Units (Montévil, 2019a). These definitions rely on the physical theories that define reference units abstractly—they are invariants of the theory—and not on particular objects (such as the “prototype meter” that metrologists built afterward to instantiate these abstract definitions).

Although biologists do not use strains universally, organisms obtained in this way are widespread in experimental practices. Yet, what justifies the fact of subsuming them under taxonomic classes, and giving them names coming from systematics? The implicit hypothesis is that strains under control are subsets of taxonomic ranks: for instance, the strain “black 6” is supposed to belong to the systematic class of mice (Mus musculus). It also means that if we estimate the phylogeny of specimens of such a strain, including the initial group of organisms, they are more closely related to the member of the intended taxon, especially the name-bearing type, than to other taxons.

The genealogical conception of biological identity has several strengths. This conception allows ascribing an identity to organisms as wholes despite their relational complexity by building on the theoretical genealogies coming from the theory of evolution (even though it is not reducible to it, as just discussed). Furthermore, identity classes do not require conservation through time and leave the future open to indefinite variation. Historical identity is “invariant by reproduction”: if the parents are in a class, then the offspring will be in the same class because they share the same past, used as a reference.

In turn, genealogical identity suffers from significant weaknesses from the perspective of experimental practices, or applications such as medicine. While systematics aims at reconstructing the past and describing the present in light of the past, experimental practices investigate the relations between the parts of organisms, as well as between organisms and their surroundings. Because of these different goals, identity classes in systematics can include tetrapods that are such without having four limbs; in turn, empirical practices need classes that sustain reproducibility and generalizability of the results over a (hopefully large) group of organisms.

The source of the problem is the same that generates the strengths of historical definitions per se, i.e., the fact of being uniquely grounded in genealogical connections. Experimental biologists try to circumvent the problem by working mostly on groups of organisms having close ancestors, under the (implicit, but fundamental) hypothesis that genealogical proximity tends to go with organizational proximity: the closer individual organisms are in the genealogy, the less they tend to differ anatomically and functionally (Isaacs, 1986; Mogil et al., 1999; Montévil, 2019a). The main virtue of this precaution is that it does work to some extent in practice, which explains why it is widespread in empirical studies. Yet, no explicit justification of the underlying hypothesis is provided. As a result, the domain of validity for the experimental practice of genealogical identity classes is unknown, and there are no specifications about the rate and kind of variations (and, reciprocally, about the degree of similarity) that would threaten the membership to a given identity class.



2.2. Relational Identity

The relational conception of identity stems from a different epistemological stance. The description (and, in science, the theoretical determination) of an object mainly appeals to the relationships between its parts and constituents, as well as its relationships with other objects. Relations are understood as more fundamental and meaningful than non-relational aspects, notably because they have a stable form, amenable to mathematical descriptions such as equations. Moreover, the relational epistemology emphasizes that scientists ultimately observe objects via their relations with the measurement apparatus; therefore, relations can be seen as the starting point of experimental knowledge.

The relational epistemology pervades most natural sciences and especially physics. For example, although the electric charge seems to be an intrinsic property of objects, it is ultimately a quantity that describes how charged objects exert forces on each other: therefore it is grounded on relations1. According to the relational conception of identity, several objects are identical if they share the same relationships, and they are different if they do not. For example, all electrons are identical because they have the same relations with other objects (i.e., the same interactions), described by equations2. Similarly, a group of organisms belongs to the same identity class if they share a given set of relational properties.

What relations are relevant in the biological domain? After all, one may argue that genealogy is also a relation. In fact, what matters from a relational perspective is the form of the relation, the kind of structure linking two or more objects. In this respect, genealogical relations as such are not relevant, insofar as they would generate very broad classes: for instance, all humans and mice share the same formal genealogy (they have all two parents, each of which has two parents.). Accordingly, more restrictive interpretations of the relational properties of organisms are adopted, as we discuss below, mainly focusing on their observable functioning and organization. Moreover, as mentioned, the relational epistemology holds that the mathematical form of the relations is supposed to remain stable in time. Relational identity requires, therefore, the stability of the relevant properties, when considering both the synchronic and diachronic identity of a group of organisms. The contrast with the genealogical conception, which characterizes organisms' identity without relying on stable properties, is sharp.

In biology, we distinguish two versions of the relational epistemology and the resulting conception of identity. A first version, adopted in particular by biophysics and systems biology, consists of studying biological organisms by using conceptual and mathematical tools common to other natural sciences, as physics or chemistry. While it relies on well-established and operational tools, this “biophysical” version tends to look at biological organisms as physicochemical systems and, therefore, to emphasize common aspects while neglecting specifically biological ones. The resulting conception of biological identity applies to those aspects, and their relations, which are captured by the models. Different organisms are synchronic instances of the same object insofar as they possess the same aspects and relations captured by the model, and they maintain their identity diachronically if they conserve them in time.

The main strength of the biophysical conception of identity is that, in contrast with the genealogical one, it makes explicit the conditions of validity of experimental results. Generalizability and reproducibility of results hold for all organisms belonging to the same identity class, insofar as they possess the aspects and relations made explicit by the model or description. At the same time, this definition carries a crucial weakness: it considers exclusively these aspects. Biophysical identity applies only by abstracting from any other aspect or property of organisms not included in the description. By “abstracting,” we mean that all other aspects of the organisms are supposed to be negligible for the compliance with the model.

The problem with this abstraction move is two-fold. On the one hand, it implies dealing with organisms not as wholes, but as circumscribed sub-systems. In fact, biophysical models used in biology often apply also to abiotic phenomena (Douady and Couder, 1996; Fleury, 2009). If relational identity is built upon such a restricted characterization of the organism, one can wonder whether it constitutes a relevant criterion of organisms' identity given that, in a sense, it neglects most of the organism. On the other hand,—and crucially—the abstraction does not work most of the time. Experimental biologists and modelers are usually not able to abstract from all other aspects, which prove to be not negligible and generate observable differences between organisms (Isaacs, 1986; Mogil et al., 1999; Festing, 2014). As a result, individual organisms typically exhibit significant variability with respect to a particular model, and observations contradict their purported relational identity. Therefore, while its domain of validity is explicit, biophysical identity is seldom valid.

The second version of the relational epistemology, which we label “organizational,” places a heavier emphasis on the distinct features of biological organisms. Its central assumption is that organisms are natural systems endowed with a distinctive organization. In particular, biologists can analyze organisms (be them unicellular or multicellular) as constituted of parts that depend on each other for their continued existence: biological “organization” refers specifically to such a mutual dependence among parts. Initially advocated by theoretical biologists like Nicolas Rashevsky (1954) and Robert Rosen (1991), the organizational epistemology is in a way “more relational” than the biophysical one because it focuses on the fact that organisms realize a distinctive regime of relations between their parts. Classical accounts of the organizational framework are Varela and Maturana's autopoiesis (Varela et al., 1974), Rosen's (M, R) systems (Rosen, 1991), and Kauffman's autocatalytic sets (Kauffman, 1993).

Let us describe in some detail the central tenets of this organizational framework, by relying on some recent theoretical developments (see also Montévil and Mossio, 2015; Moreno and Mossio, 2015; Kauffman, 2019, for recent discussions). One of the central aims of the organizational perspective is to provide a fine-grained characterization of the mutual dependence between an organism's parts, which in turn brings about the idea of circularity. Biological organisms are understood as natural systems realizing a dual causal regime. On the one hand, they are thermodynamically open systems: they are traversed by a flow of energy and matter that enables them to maintain themselves over time in conformity with the second principle of thermodynamic. On the other hand, biological organisms control the thermodynamic flow through the action of structures that, at specific time scales, exert constraints on the ongoing processes and transformations. In particular, organisms are constituted by a set of constraints that (1) are generative—they canalize target processes in such a way to maintain the conditions of existence of other constraints and (2) are dependent—their existence relies on the action of other constraints (see Figure 1).


[image: Figure 1]
FIGURE 1. In this diagram, C1, C2, C3, C4, and C5 play, ex hypothesis, the role of constraint at τ1, τ2, τ3, τ4, and τ5, respectively. Furthermore, C1, C2, C3, and C4 are dependent constraints, while C2, C3, C4, and C5 are generative constraints. The subset of constraints that are both generative and dependent is then (C2, C3, C4). The organization constituted by C2, C3, and C4 realizes closure (reproduced from Montévil and Mossio, 2015, with permission from Elsevier).


The set of constitutive constraints that are both generative and dependent realize mutual dependence, which is usually referred to as closure. One of the conceptual strengths of the organizational perspective is that it provides an account for the concept of biological function, defined as the effect produced by a constraint subject to closure (Mossio et al., 2009; Nunes-Neto et al., 2014). By realizing closure of constraints, the organism maintains itself. In turn, the otherwise general idea of “biological organization” is defined as closure: for an organism to be organized means realizing closure of constraints (Montévil and Mossio, 2015, for details).

Organizational closure provides a specific interpretation of the circularity at work in biological organisms (Mossio and Bich, 2014). Importantly, the closure principle provides theoretical guidance to explain the relative stability of biological organisms. Functional constraints exhibit conservation at the time scale at which they act on processes: as claimed elsewhere (Montévil and Mossio, 2015), it is precisely their local conservation that endows them with the capacity to control the thermodynamic flow. At longer time scales, however, constraints undergo degradation and must be repaired or replaced: this is where organizational closure steps in and contributes to explain how organisms as wholes stabilize themselves over time.

With this brief characterization in hand, let us examine how the organizational framework deals with organisms' identity. As for any conception of identity, different interpretations of the organizational one can be adopted. The most restrictive relative interpretation seems to be that different organisms are instances of the same object insofar as they share the very same functional organization, i.e., if they realize (at some given stage of their lifetime) the closure of the same constraints. At the opposite end, the most inclusive definition would state that different individual organisms are identical if they merely realize closure, whatever specific set of functions is involved.

As a matter of fact, Difrisco and Mossio (In press) have recently argued that the most inclusive interpretation of organizational identity is well suited to account for organism diachronic identity. A given organism remains the same, despite any kind of change that it can undergo (especially during development), if it realizes a continuous succession of regimes of closure, such that each regime depends on some functional constraints exerted by a previous regime. The connection between different regimes of closure that grounds diachronic identity is what DiFrisco and Mossio call organizational continuity. For the purposes of this paper, which focuses on the conception of organisms' identity relevant for modeling and experimental purposes, the most inclusive interpretation of organizational identity looks inadequate. By hypothesis in the organizational perspective, all organisms realize closure; therefore, the general criterion of closure would include a massive number of very diverse organisms, which would prevent generalizations and reproducibility in most cases. A more restrictive interpretation, warranting some functional similarity between organisms, seems to be required.

Let us now consider the most inclusive interpretation, according to which organisms are identical if they realize the closure of the very same constraints. We consider here3 that two or more constraints are the same in organizational terms if they perform the same function, which means that they constrain the same kind of processes by relying on the same kind of mathematical or geometrical structure. For instance, two constraints are instances of the same vascular system if the same topological structure of vessels constrains the transport of oxygen and nutrients to cells, and of wastes afar from them. The emphasis here is on the qualitative, functional identity between constraints, while limited quantitative differences are negligible. In contrast, quantitative differences between functionally identical constraints may be relevant when comparing whole organizations, insofar as they can lead to a qualitative difference in some other constraints and, therefore, in the way overall closure is realized4.

To the extent that organizational closure is a distinctive feature of biological organisms, this relational conception of organism identity seems to be more suitable because it avoids the first possible drawback of biophysical ones, i.e., the fact of leaving aside specifically biological aspects. Indeed, identity grounded on closure naturally considers organisms as whole entities. As for the biophysical conception, the organizational one makes explicit its domain of experimental validity. To be the same, different organisms must share the same organization. In contrast to the biophysical definition, however, an explicit description or model of the whole functional organization of an organism appears to be out of reach for the scientific inquiry. As a result, the criterion is not directly applicable. One could argue that it constitutes the “horizon” of a well-grounded definition of biological identity or, on the opposite, that a complete description of an organism might also prove impossible to obtain in principle.

A possible solution to the problem would be to establish descriptions and models of partial closure, and take them as criteria of identity. By “partial closure,” we mean a closure among a subset of all functional constraints constituting a given organism. For instance, a given model can specifically focus on the reciprocal dependencies between constraints of the respiratory and vascular systems, under the hypothesis that these are critical for the cohesion of the whole organization. Accordingly, we distinguish models of partial closure from local biophysical models: while the former describe parts of an organism that do realize closure, the latter do not.

One may object that such a solution would also face the problem of abstracting most of an organism's organization, just as the biophysical one. With no theoretical guidance, partial models would neglect aspects that might actually make a difference and induce variability between supposedly identical organisms. The objection is undoubtedly correct. Yet, we submit that the organizational framework has better prospects than the biophysical one for selecting relevant aspects of an organism within an adequate theoretical framework. The reason is that even partial organizational models are nevertheless models of closure (while biophysical ones are not) and therefore designed to account for the reciprocal stabilization of functional constraints within whole organisms. As a result, they can better determine the occurrence and impact of variations affecting organisms and the extent to which such variations could alter their identity.




3. AN HYBRID AND BOUNDED CONCEPTION OF ORGANISMS IDENTITY

The upshot of the previous section is that genealogical and relational conceptions of organisms' identity have complementary strengths and weaknesses. In what follows, we advocate their integration into a hybrid conception that, we hold, is better suited for taking up the challenge of organisms' complexity.

The connection with a fixed past allows the genealogical conception to define organisms' identity in a way that accommodates biological variations. However, genealogical identity does not refer to any observable property of organisms, which leaves unspecified to what extent experimental generalizations are legitimate. In sharp contrast, relational identity refers to the observable properties of organisms, which provide specific conditions for scientific generalization and reproducibility. Yet, relational identity faces the problem of abstraction with regards to most of an organism's organization, with the result that it seldom proves valid.

The reason why relational identity fails to apply to organisms easily is not only that a complete description of their organization is not accessible. Even if a complete description of an organization were available, we submit that the corresponding biological organisms would undergo unpredictable variations. Biological variation in such a “strong” sense is not merely quantitative; it corresponds to the appearance of structures, processes, couplings, and functions that are fundamentally new (Longo, 2018; Kauffman, 2019; Montévil, 2019b). Elsewhere, we have argued that the appearance of unpredictable variation in biological organisms should be a fundamental principle of biology—the principle of variation (Montévil et al., 2016)—which governs biological phenomena together with the principle of closure.

In this situation, we submit that an adequate conception of organisms' identity requires integrating genealogical and relational (organizational) strategies, as Figure 2 illustrates. Organisms are specific objects, which means that each of them can possess specific features that make it qualitatively different from other organisms to an extent. Organisms are specific objects because they are the result of a history of variations, and they continue to undergo further variations over time. Yet, in any given experimental situation, a group of organisms can also be shown to share some generic (i.e., common) aspects, typically constraints, captured by a relational description and supporting generalization. Over time, however, biological variations may involve a change of these constraints even in controlled laboratory strains. Such changes would make the identity grounded on the hybrid conception invalid. Let us discuss in some detail the central tenets of the conception we advocate.
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FIGURE 2. Integration of genealogical and relational descriptions (reproduced from Montévil, 2019a, with permission from Springer). Relational concepts, constraints here, are insufficient to define specific objects: they are fundamentally historical. They nevertheless possess relational properties, constraints, that are valid for some time, and can change over time. This schema has been designed for biological organisms and is a starting point to integrate genealogical and relational identities.



3.1. Conceptual Tenets

Physicists understand the changes taking place in a given phenomenon by variables connected by invariant relations, expressed as equations. By contrast, following the principle of variation, we submit that there is no invariant mathematical structure (as equations) underlying the behavior and dynamics of organisms.

A central epistemological implication is that we have to understand the relative stability of biological phenomena without overarching invariants. As mentioned in the previous section, organizational closure plays precisely this epistemological role at the individual scale, by contributing to explain how functional constraints stabilize each other through their reciprocal relations and interactions. As recently argued (Mossio and Pontarotti, 2019), closure can also explain the stability of functional constraints across generations by providing an organizational understanding of biological heredity. Natural selection plays a similar role at the evolutionary scale, in that it excludes some trait variants and, thus, explains the stability of other variants, as adaptations (Lecointre, 2018). To the extent that both closure and natural selection are the basis of philosophical accounts of the concept of “biological function,” the ascription of functions is typically understood as a way to explain the stability of function bearers at the individual and evolutionary scale (Montévil, in press).

How should organism identity be characterized in this theoretical framework? We propose six main tenets. First, organism identity requires elaborating a generic description of organizational closure, which is supposed to apply to a group of individual organisms. Such a description aims to capture not only the relations between functional parts of an individual organism but also, and crucially, its interactions with the environment as an agent (Barandiaran and Moreno, 2008), as well as with other organisms (Hernández and Vecchi, 2019).

Second, organizational descriptions are necessarily partial, despite their possible complexity. This limitation implies that many aspects are neglected, be they other functional parts, or aspects of the environment, or other organisms. In section 2.2, we referred to this implication as the abstraction made by relational models. The ineluctable abstraction of the organizational description means that the neglected aspects are also uncontrolled and might, therefore, hide relevant differences between the individual organisms. Because of the complexity of biological organisms discussed in the Introduction, such differences do exist most of the time, and prevents using explicit organizational descriptions as a sufficient criterion to build identity classes.

Third, the genealogical strategy steps in and provides a procedure for dealing with the aspects that the organizational framework does not make explicit. The procedure considers as candidates for membership to an identity class those organisms which share the same past. Often, in experimental biology, organisms have a controlled, recent common ancestor (even though other aspects of their past may also be controlled, see Montévil, 2019a). Under the implicit assumption that the closer organisms are to a common ancestor, the more they tend to share generic aspects, such a procedure provides indirect control on those aspects neglected by the organizational description5. These neglected aspects include not only parts of organisms but also the environment of successive generations leading to them, as well as other features that may be interpreted as belonging either to the former or the to latter, such as the microbiome of mammals. Since biologists cannot completely describe organisms in relational terms, they use the genealogical strategy that complements the organizational description.

To illustrate how the genealogical strategy fills in the gaps of the organizational one, let us focus on the treatment of specific functional constraints. A constraint is a relational concept, defined by its mathematical structure and its link with the constrained process (Montévil and Mossio, 2015). However, the isolated description of a constraint within an organism is not exhaustive, insofar as it omits other constraints that may contribute to its stabilization (be it at a higher level or the same level of organization) or may constitute it at a lower level. For example, physicists can analyze the camera eyes of mammals and cephalopods with a single optical model; yet, the details concerning the nerve position, vasculature, molecules are very different, and so are the possible relations with other functional constraints, as well as variants, pathological or not. That is why the genealogical concept of homology enters the picture naturally. Homologous constraints tend to be constituted by (and articulated with) other constraints displaying a higher degree of similarity, in comparison to the situation of analogous constraints. Actually, the genealogical connection that matters here can be more specific than the one captured by the concept of homology alone, insofar as relevant constraints would come from specific genealogical groups, such as specific species or strains. Such genealogical control is a critical asset when dealing with organizations that have no complete relational description. As a result, the historical characterization of constraints identity complements their relational description. Functional constraints are the same when they have the same historical origin and share the same relational properties.

Fourth, the organizational conception focuses on constraints closure, which contributes to explain how biological organisms can maintain themselves over time by constraining the thermodynamic flow. In particular, closure brings about an inherent tendency of organisms to stabilize existing functional constraints by removing many variations and by regenerating them in a fundamentally unaltered form. Such a tendency to conservation (what we have previously labeled “organizational inertia” in Mossio et al., 2016, section 5.1) would notably apply in those situations in which variations are circumscribed and do not affect the constraints in charge of regenerating the one (or set) being affected. In these situations, organizational closure tends to restore the initial constraints. In other words, organization imposes theoretical conditions on the kind of variation that is likely to be preserved6. Moreover, variations need to be significant for the description in terms of closure of constraints. The appearance of such functional novelties typically takes time. It requires the emergence of a specific constraint and its integration to the organization. Such an outcome is not the result of generic randomness; it requires finding a new specific functional organization by constituting and exploring new configurations (Montévil, 2019b).

Fifth, the tendency to conservation emphasized by the organizational framework provides theoretical support for the hypothesis according to which genealogical proximity tends to go with organizational proximity. Because of this tendency, together with the fact that the emergence of functional novelties takes time and natural selection, the closer genealogically organisms are, the less they tend to differ. It might be argued that organizational novelties may sometimes be significant over a relatively short period, for example, within one generation, because of phenotypic plasticity (West-Eberhard, 2003). The point is certainly right; still, it seems correct to point out that these changes are quantitatively limited in comparison to the bulk complexity of biological organizations. The overall result integrates genealogical and relational conceptions of identity: the former fills in gaps of the latter, which in turn justifies some implicit assumptions of the former.

Sixth, the integration between genealogical and relational conceptions leads us to advocate a hybrid conception of organism identity. Individual organisms are members of the same identity class if they have a high degree of genealogical proximity and they share a distinctive, specific regime of organizational closure. Let us assume, for instance, that biologists want to study the flight of bats. Two organisms are experimentally identical bats if they descend from a close common ancestor and they share a specific set of organized, functional constraints as those involving flight, which include (among other things) the anatomy of their wings. Biologists would also exclude bats with congenital abnormalities affecting wings and other variations impacting the relevant properties involved in bat flight. We submit that such a hybrid definition of organism identity keeps the benefits of both genealogical and relational conceptions while avoiding—or at least mitigating—some of their central drawbacks.

Yet, the hybrid nature of the definition is not the end of the story. Indeed, our theoretical framework relies on the principle of variation, according to which individual organisms do undergo variation over time. The main implication here is that, even though an individual organism satisfies the hybrid conception at a given moment, there is no guarantee that it will do so as time passes. Consequently, although a population of organisms shares the same hybrid identity during several generations, sooner or later, some of these organisms will undergo variations that will contravene their membership to that identity class. As a result, our conception of organism identity is not only hybrid but also bounded in time.



3.2. Toward a Theoretical Characterization

The conceptual framework outlined above would gain clarity if it were expressed by an adequate formal language, which, to our knowledge, is currently lacking. Let us take some preliminary steps in this direction.

We first introduce a new symbol, χ, which represents the historical aspects of organism identity. χ relies on a genealogical connection with an ancestor, or more generally with the past, and complements relational descriptions of organisms. Accordingly, it includes all those aspects of identity which are not made explicit by the relational part of any given description. In conformity to the features of genealogical identity, χ accommodates past variations and contexts that have shaped the present (group of) organism(s) in evolutionary and ontogenetic time. As such, theoretical and relational invariants do not define χ, although it might include stable relations that have remained implicit or neglected (voluntarily or not, see also below) in the relational description.

In any characterization or model complying with the hybrid conception of organisms' identity, χ realizes organizational closure in combination with the constraints explicitly represented in relational terms. The overall characterization does not make the closure entirely explicit, precisely because it contains χ. A group of organisms that meet the hybrid model—and would, therefore, share the same explicit relational description and the same χ—would share the same identity, even though they could nevertheless hide some differences, because of the very nature of χ. At the same time, χ can also contain some implicit stable relations due to the organizational tendency to conservation, as mentioned in the fourth tenet. Genealogical strategies of symmetrization exploit this tendency and provide some control over χ (typically, by selecting different organisms having a close common ancestor). Together, the explicit relational description of the constraints and χ generate an identity class adequate for experimental work.

Since there is no theoretical invariant specified by χ, its status is fundamentally different from that of a variable, as used in physics. Variables are defined through formal relations, while χ refers to a genealogical connection with a specific object, a particular. As a result, it is ultimately a symbol in the etymological sense of the word, bridging the formal description and the part of the world under study.

How is χ formally integrated into an organizational model or diagram? The general idea is to represent χ as a sui generis constraint subject to organizational closure. As such, χ is understood as being both dependent and generative for some other constraints of the diagram. Yet, the specific nature of χ implies that its relations with the rest of the system have a special meaning. To a first approximation, we submit that the integration of χ to organizational closure, rather than representing actual relational knowledge, consists of a background assumption that requires a conceptual justification and a formal representation. Let us discuss these issues in some details.

Figure 3 shows two kinds of diagrams that realize organizational closure by integrating χ. Figure 3A provides the most general version, in which there is only one global closed path of constraint dependencies, which includes χ. In turn, Figure 3B describes a situation in which, in addition to the global closure, a partial closure is realized among the constraints, independently from χ. Because of the specific nature of χ, the global closure that includes it has a hypothetical status and does not count as a legitimate model of an organism. Hence, the kind of diagram depicted in Figure 3A requires a justification within an organizational framework, typically by exhibiting empirically relevant examples that satisfy the diagram and also realize partial closure. In a nutshell, we can justify Figure 3A if it has concrete instances like in Figure 3B. With this justification, biologists can legitimately use a diagram with no partial closure, insofar as it is not always necessary to explicitly represent the latter in a model, and some aspects of organizational knowledge can be left implicit7. With these clarifications in hand, we can use diagrams of both Figures 3A,B to build hybrid identity classes for groups of organisms in the context of modeling and experimental practices. The more constraints are included, the more the interpretation of identity (and the resulting classes) is restrictive, and the more stringent empirical checking has to be. Similarly, the more strict the tentative experimental, genealogical control exerted on χ is, the more restrictive the class is.


[image: Figure 3]
FIGURE 3. Integration of a historical symbol and organizational closure. Since χ and the relational constraints have a different epistemological nature, we use different arrows for constraints and processes related to χ. Zigzag arrows are relational constraints; straight arrows are processes; spring arrows represent constraining effects that relate to χ and are therefore not entirely relational; dashed arrows indicate hypothetical processes constrained by spring arrows. Constraints are defined in relational terms while χ is defined genealogically, by reference to the past. In (A), there is a global closure that involves χ, while (B) includes an additional partial closure of constraint in relational terms.


Diagrams integrating χ to organizational closure raise the question of the connection between χ and the explicit relational part. Depending on what the modeler knows and ignores about the organisms, the diagram has a different meaning and form, in particular with regards to the dependencies between χ and other constraints. Besides, if the diagram does contain a partial closure, specific organizational patterns become visible, and further general challenges arise. For instance, as one can see in Figure 3B, the coexistence between global and partial closure seems possible only if χ depends on, and maintains, at least one constraint (not necessarily the same) that is also part of the partial closure. This situation implies—among other things—that at least one constraint in the diagram must perform multiple functions. Understanding how this organizational pattern can be realized (or how another pattern can produce the junction) is a typical example of a general scientific question raised by the inclusion of χ to closure.

When considering the relations between χ and the constraints in a diagram, we can distinguish several cases. Without trying to be exhaustive, let us mention a few significant ones. It is worth noting that these cases are not supposed to be mutually exclusive: the very same χ in the same diagram can carry aspects that are relevant for several of these cases.

The first case is a generalization of the situation that we discussed earlier for Figure 3A. In a given diagram and situation [image: image], χ might refer to organisms where other aspects could be made explicit in relational terms in a different diagram [image: image]. So to speak, there is some knowledge that can be “unpacked,” if required. This operation can imply a transition from a model with no partial closure to a model with partial closure (as discussed above) or from a model with partial closure to a model with an enriched partial closure. The central idea, here, is that part of the situation described by the initial χ can be described by a set of organizational features that are, at least to some extent, known to be generic, i.e., common to several organisms sharing the initial hybrid identity. Accordingly, these features could be explicitly integrated into a new model determining a more restrictive hybrid identity formally, [image: image]. The latter may exclude some concrete organisms which were previously included by [image: image]. The choice between [image: image] and [image: image] ultimately depends on the specific epistemological, experimental, and modeling objectives pursued. For example, the constraints involved in cellular respiration are mostly generic in the sense of being relatively common to, say, all mammals and, therefore, could be left implicit in models focusing on other aspects unless the model is explicitly aiming at providing a relational characterization of oxygen transport. Formally, there are two ways to link the initial diagram [image: image] and the new one [image: image]. If we use [image: image] instead of [image: image], the diagram change corresponds to a change of identity. Alternatively, one may keep the initial identity and justify the articulation between the constraints and χ by the subclass [image: image] describing a partial closure that includes the constraints explicit in [image: image]. In this case, [image: image] is complemented by a special case, [image: image], that justifies the articulation between χ and constraints in [image: image]. This justification does not guarantee that the constraints under study are always functional in [image: image]; however, it guarantees that they are in some cases. We can thus see [image: image] as an “organizational type” of [image: image], and write this concept as [image: image]. In a given situation, when the constraints involved are largely conserved, we can argue that [image: image] is representative of most cases, then other situations will be exceptions.

In the second case, we postulate that some aspects of χ are equivalent to aspects explicitly described in relational terms. The underlying hypothesis is that a constraint may have a single generic effect on a class of processes having different roles in the organizational diagrams. For example, cell membranes constrain the diffusion of a broad class of molecules similarly, or ribosomes constrain the translation of most RNAm similarly. In particular, a constraint can act in the same, generic manner on a process contributing to the partial closure and have an effect on χ in the global closure. Figure 3B somehow captures this situation: constraint C2 acts on the process maintaining C4 and on a process acting on χ. The critical point is that the way such a constraint acts does not require us to specify the process constrained; instead, this process just needs to be in the target class, and we need to assume that maintaining χ requires such processes — a valid assumption for the membrane and the ribosomes. Let us take another biological example. In a mammal, the constraints involved in oxygen transport (among others, and roughly speaking, those of the vascular systems and the lungs) lead to oxygen distribution to all organism's cells. Cells depending on oxygen distribution include those of the vascular systems and the lungs themselves, which allows drawing a partial closure among them. Moreover, we can safely claim that almost all other cells in the organisms depend on these constraints. This claim justifies the assumption that the constraints are also involved in the global closure8. The way this dependence is materialized is, however, extremely diverse because oxygen, and respiration, enable cells and organisms to perform all kinds of processes: there is a generic dependence on respiration. Under the assumption that the constraints involved in respiration are generic, a theoretical connection can, therefore, be established between χ and the relational description (which can include or not an explicit partial closure) without needing an explicit relational description of the purportedly relevant aspects of χ.

The third case refers to a situation in which, although χ could be “unpacked,” as discussed above, the resulting organizational model would be extremely specific, and therefore unfit to sustain generalization and reproducibility. In other words, the transition from an initial diagram [image: image] to a new, more complex one would tend to make specific relational aspects explicit rather than generic ones. As a result, the identity class would become extremely restrictive, and only a small subgroup of organisms (if not just one) would meet the criteria. For example, the regulatory effects of thyroid hormones can be radically diverse, as shown by examples like frog metamorphosis or mammal hibernation, among many others. Trying to elaborate an organizational model which would include the various effects of these hormones and, at the same time, would apply to a broad group of organisms, would presumably be a dead-end initiative. In this case, χ accommodates a diversity coming from past novelties that is irreducible to an organizational model that would aim to generate an inclusive identity class. Let us call [image: image] the initial diagram and [image: image], [image: image], [image: image], ., other more specific diagrams where a relational closure is explicit9. Then, like in the previous case, one may choose to work with a different object, having a different identity, say [image: image]. Again like before, one may instead consider the [image: image] as organizational types of [image: image], written [image: image]. Then, we make explicit that the constraints of [image: image] may be functional in a diversity of ways. The fact that organizational models [image: image] do not possess an acceptable degree of generality does not imply that they have no epistemological role. They increase biological knowledge by showing that specific constraints can have functions in a given class, even though in a diversity of ways.

The fourth and last case that we discuss here concerns the situation in which χ includes intrinsically diachronic constraints. As such, these constraints may involve novelties that have not appeared yet and whose nature may be unprestatable (Longo et al., 2012; Montévil, 2019b). Consequently, these constraints are only potentially functional in relational terms, and their position in the organizational diagram can be assessed only ex-post. One notable example is the “propulsive constraints” described by Miquel and Hwang (2016) following previous analyses by Canguilhem (1972). Propulsive constraints promote the appearance of novelties that are unpredictable and even unprestatable. For example, the “mutator system” is a regulation of the mutation rate of DNA exerted by specific molecular constraints. Bacteria under stress can reduce mutation corrections, which increases mutation rates and allows exploring new organizational possibilities (Miquel and Hwang, 2016). The emerging capacities and constraints can be functional, but the mutator system itself , as well as other relational properties of the initial organization, do not specify the features of these new constraints. As a result, the mutator system cannot be located into an organizational diagram, insofar as its functional contribution is unknown a priori. As for the previous case, we can use organizational types to justify that the constraints of the mutator system are functional [image: image], with t1 < t2. However, there are two critical differences with the previous case. First, the organizational types are not at the same time point. Second, it is not possible to avoid using types and only study [image: image] because the latter does not make the function of the propulsive constraints explicit. The fact that the mutator system cannot be included in a general organizational model does not imply that relational descriptions are not useful. In all those cases in which the increased rate of mutations triggers the emergence of functional changes in organisms, specific organizational models can account for the new functional role, and therefore justify the function of the mutator constraints.

The integration of χ within organizational models covers a variety of situations. Following the specific scientific objectives and depending on the available knowledge, the relational part of the diagram can be more or less detailed, and generate more or less restrictive hybrid classes of identity (together with the genealogical control on χ). Yet, it is worth underscoring that, as we discussed in section 2.2, we maintain that an organizational description is never complete (be it for contingent or principled reasons), which means that whatever model of an organism does include χ. Organisms' historical identity possesses irreducibility that cannot be captured by any given organizational model.

By characterizing the identity of organisms for modeling and experimental practices, organizational diagrams integrating χ can also represent a typical experiment. Before concluding this section, let us have a brief look at this application of the framework (Figure 4). In a typical experiment, several organisms ([image: image], [image: image], [image: image], and [image: image]) are candidates as a support to enquiry on the properties of some target relational capacities and features (represented in Figure 4 as the constraints C1-C5). Each organism is characterized by a diagram including both the constraints under scrutiny and the symbol χ. Being the offspring of the same common ancestor, specimens [image: image], [image: image], [image: image] share the same χ (i.e., χ1) and are therefore genealogically identical. Moreover, [image: image] and [image: image] also share the same relational description of the target functional constraints. Consequently, [image: image] and [image: image] share the same hybrid identity as defined by the model, and they can be tentatively defined as two instances of the same experimental object. In contrast, specimen [image: image] does not share the same identity because it exhibits significant variations in its relational description: despite having the same χ1 than its relatives, its relational difference breaks the criteria for membership in this specific hybrid identity class. Specimen [image: image], in turn, shares the same relational description than [image: image] and [image: image] with respect to the target constraints, but it does not share the same genealogical connection with the past. This difference excludes it from the same identity class (for opposite reasons when compared to [image: image]). Although this case may seem paradoxical since it looks identical in relational terms, its exclusion from the identity class is theoretically justified precisely because historical identity is taken into account: accordingly, a different χ may, and will, carry hidden differences.


[image: Figure 4]
FIGURE 4. Theoretical representation of a typical experiment. (Top) [image: image] is a specimen that is a common ancestor to the organisms studied in the experiment. This specimen may be identified, or its existence may be theoretical, in which case another particular serves as a reference, like in systematics. Accordingly, the existence of the specific constraints, Ci, for this specimen may be an empirical observation or a hypothesis. (Bottom) several specimens are generated, possibly after multiple generations. Their genealogical identity (including their context) is considered equivalent; therefore, we use a single symbol, χ1. [image: image] and [image: image] have the same hybrid identity because both their genealogical and relational components coincide. Of course, if we were to investigate other aspects accommodated by χ1, we would find qualitative differences between these two specimens: χ is defined genealogically and is compatible with such variations. In the case of specimen [image: image], the variations lead to a change in the constraints described; here, C2 becomes [image: image], and there is a new constraint [image: image]. As a result, this specimen escapes the relational part of the hybrid identity class of [image: image] and [image: image]. Note that, for [image: image], the symbol χ1 remains the same as for [image: image] and [image: image] because the genealogical identity remains the same. If a biologist wants to investigate the nature of the variations leading to the change of constraints observed, then other constraints have to be made explicit. This operation would lead to a different definition of the class of [image: image]. Last, [image: image] possesses a different χ. The corresponding constraints may be analogous, or χ2 may correspond to a different strain or species where the constraints described are homologies. Consequently, it does not belong to the same identity class of [image: image] and [image: image], but the reason is contrary than for [image: image].


Overall, the diagrams represented in Figures 3, 4 build hybrid identity classes of organisms. In a nutshell, a hybrid identity class integrates genealogical aspects represented by χ and relational ones represented by all the constraints. Organisms may violate the relational description in time, which is why the hybrid identity is also bounded. In some cases, as mentioned, the proper justification of such diagrams requires the use of organizational types, which are more restrictive classes than the initial one.




4. CONCLUSIONS

Biological organisms are a very peculiar kind of natural systems. They are familiar to us and, at the same time, resistant to a comprehensive scientific understanding. As claimed in the Introduction, they are complex objects.

The characterization of organisms' identity faces their complexity. It is a notoriously difficult task to tell whether a group of organisms that look similar at first sight does not hide substantial differences, which may be revealed after in-depth scrutiny. Similarly, it is difficult to make explicit the conditions at which it is legitimate to claim that an organism remains the same over time. Despite these challenges, a workable notion of organisms' identity is required, because of its pivotal role in grounding generalization and reproducibility in science.

In this paper, we have discussed the strengths and weaknesses of two broad conceptions on identity. The genealogical conception builds identity classes by reference to the past, especially by linking individual organisms to a common ancestor. Experimental biologists routinely use this strategy to work on hypothetically equivalent organisms. While it tends to work, genealogical identity does not provide its conditions of validity for experimental purposes. The relational conception, in turn, defines identity by referring to a set of relations possessed by individual organisms. While its conditions of validity are explicit, it faces the widespread problem of biological variability.

To overcome this situation, we have put forward a hybrid conception of organisms' identity. We have argued that the identity of biological organisms should be construed by integrating both genealogical and relational conceptions. In short, we suggest that individual organisms belong to the same identity class when they share the same specific organization of functional constraints and they are the offspring of the same close common ancestor. The two poles of the definition are complementary, in the sense that they provide mutual support and contribute to filling in their reciprocal gaps. The genealogical conception provides an operational procedure to subsume whole organisms to the same identity class, even though no complete relational description is available; in turn, the relational conception—in particular in its organizational version, that we adopt—provides a theoretical justification of the implicit hypotheses underlying the genealogical one. In the last section, we have provided a preliminary formal representation of biological hybrid identity, by introducing a symbol, χ, that accommodates the contribution of the genealogical conception of identity, within an organizational description of an organism. The formal representation of history within a relational diagram is a stimulating challenge that future studies should take up. Our discussion suggested that χ allows describing different possible connections between the historical and organizational dimensions of organisms, as well as their implications for experimental and modeling practices.

Even though the hybrid definition of identity was deemed to be useful and fecund in the biological domain, we have also underscored that the validity of identity classes cannot be but limited in time. Because of their inherent tendency to vary, individual organisms that meet the criteria of an identity class at some moment may contravene these criteria as time passes, and their offspring will presumably do the same after some generations. Therefore, organisms' identity is not only hybrid but also bounded: both aspects draw a fundamental difference between biology and other natural sciences.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual contribution to the work, and approved it for publication.



FOOTNOTES

1By contrast, properties that do not stem from relations are arbitrary. For example, in classical mechanics, both stillness and uniform movement correspond to no force, thus ultimately to the same situation. In Galilean relativity, the difference between the two situations stems only from the arbitrary choice of a reference frame; choosing a different reference frame can transform the stillness of an object into uniform motion.

2Current debates in physics concern the alternative between the possible use of absolute concepts (such as the absolute time of Newton) or the adoption of a purely relational epistemology. However, both positions acknowledge that physics relies mostly on a relational conception (Huggett and Hoefer, 2018).

3A full-fledged discussion of constraints identity goes beyond the scope of this paper. As detailed in Montévil and Mossio (2015), the formal definition of constraints appeals to conserved properties, which enable them to produce a causal effect on a target process. A precise characterization of their identity should, therefore, take into account these aspects.

4Let us mention that the issue is complex since mathematical descriptions, especially equations, precisely subsume a diversity of situations under the umbrella of a single mathematical frame. As a result, different views coexist. Two systems may be considered different on quantitative bases, either by their states (different positions) or their parameters (different mass). On the opposite, they may also be different if the overall equation representing them is different. Last, there are situations in between. For example, physical morphogenesis or bifurcation are situations where a change of state corresponds to a qualitative change of the trajectory or structure of the object.

5The idea behind genealogical proximity can be understood from a more general perspective in terms of symmetrizations (Montévil, 2019a). Symmetrization refers to all methods adopted to handle the historicity of living organisms, so as to make them tentatively identical, and to enable biologists to perform reproducible experiments. In addition to genealogical strategies, biologists can also apply symmetrization procedures to organisms that are not genealogically close, as, for instance, the fact of considering the allometric relationships among mammals, choose experimental conditions that reduce the effects of their diversity.

6There are several theoretical scenarios in which such functionally significant variations can appear. One possibility consists of a significant geometrical change (as neovasculogenesis in the case of the vascular system) or a mutation (in the case of DNA) affecting a constraint. There are other scenarios, which include more general changes of organization (Montévil, 2019b), or the accumulation of small variations generating a massive and irreversible change. In all these situations, and under the hypothesis that they are not lethal, variations would induce a shift toward a different functional regime.

7The necessity of this justification makes a principled difference from biophysical relational models discussed above. While the latter can focus on some local constraints or constraints dependencies and could acknowledge that, “somehow,” these local phenomena are connected to the global organization, organizational models cannot focus on local phenomena if they cannot exhibit and justify the connection between the parts and the whole.

8Note that we write that “almost” all other cells depend on oxygen transport. χ refers here to the historical identity of organisms (they are mammals), and, as discussed, it can include variations. In cancers, for example, cells switch to the glycolytic metabolism that does not require oxygen, a phenomenon called “the Warburg effect” (Vander Heiden et al., 2009).

9Note that the genealogical specification of χ may also be more restrictive.
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We are currently witnessing the emergence of new forms of collective identities and a redefinition of the old ones through networked digital interactions, and these can be explicitly measured and analyzed. We distinguish between three major trends on the development of the concept of identity in the social realm: (1) an essentialist sense (based on conditions and properties shared by members of a group), (2) a representational or ideational sense (based on the application of categories by oneself or others), and (3) a relational and interactional sense (based on interaction processes between actors and their environments). The interactional approach aligns with current empirical and methodological progress in social network analysis. Moreover, it has been argued that, within the network society, the notion of collective identity (Melucci, 1995) in the political field must be rethought as technologically mediated and interactive. We suggest that collective identities should be understood as recurrent, cohesive, and coordinated communicative interaction networks. We here propose that such identities can be depicted by: (a) mapping and filtering a relevant interaction network, (b) delimiting a set of communities, (c) determining the strongly connected component(s) of such communities (the core identity) in a directed graph, and (d) defining the identity audiences and sources within the community. This technical graph–theoretical characterization is explained and justified in detail through a toy model and applied to three empirical case studies to characterize political identities in party politics (communicative interaction in Twitter during the Spanish elections in 2018), contentious politics in confrontation (in Twitter during the Catalan strike for independence 2019), and the multitudinous identity of Spanish Indignados/15 social movement (in Facebook fan pages 2011). We discuss how the proposed definition is useful to delimit and characterize the internal structure of collective identities in technopolitical interaction networks, and we suggest how the proposed methods can be improved and complemented with other approaches. We finally draw the theoretical implications of understanding collective identities as emerging from interaction networks in a progressive platformization of social interactions in a digital world.

Keywords: collective identity, social identity, social interaction, digital networks, social network analysis, technopolitics


INTRODUCTION

The use of the notion of identity, especially in human and social sciences, has skyrocketed from the 1960s onward, so much so that some authors have denounced the overextension and misuse of the concept (Polletta and Jasper, 2001), while others have called for its abandonment and replacement with other more concrete ones (Brubaker and Cooper, 2000). We believe that the role of the concept in personal and social life (both implicitly and explicitly), as well as its strong role as a currency across academic fields, especially in the social sciences, suggests that discarding it is nowadays both practically and epistemically unproductive. We believe instead that a work of systematization, operationalization, and update of the notion of identity in the social sciences is needed. Building upon a previous work (Monterde et al., 2015), in the present paper, we try to advance in that direction. We do so with the case of collective identity, a relevant notion in social and political theory as well as in areas of research such as social movement studies (Melucci, 1989; Gerbaudo and Treré, 2015) and social psychology (Simon and Klandermans, 2001).

In this paper, we provide an operational definition of collective identities as emerging from interaction networks. The set of analytic tools provided here embodies conceptual and theoretical assumptions that are critical to the definition and understanding of collective identities. In turn, pragmatically understood, collective identities are, we believe, defined by the tools used to study them. This is why the present paper brings together abstract sociological discussions and detailed technical specifications. As a mapping of sorts, we first review the sociological literature, focusing on interactive conceptions of social identity. Afterward, we articulate a discussion of digitally mediated collective identities, especially in the field of politics. We then examine what network theory has to offer to characterize them. We propose that structural and dynamic formal aspects of such identities can be depicted by: (a) mapping and filtering a relevant interaction network, (b) delimiting a set of communities, (c) determining the strongly connected component(s) of such communities (the core identity), (d) defining the identity audiences and sources within the community, and (e) analyzing the identity collective cohesion of the identity core and its nested internal structure. This technical graph–theoretical characterization is explained and justified, illustrated with a toy model, and applied to three case studies: (a) political-party identity groups during the Spanish general elections in 2019 on Twitter, (b) identity confrontation on Twitter during a general strike against the trial of the Spanish State against Catalonian politicians, and (c) Facebook fan page interactions within the 15M/Indignados1 social movement. We finally discuss some of the implications of our definition, how it relates to the different theoretical approaches to understand collective identities, how it can be extended and improved with various methods, and how it might gain relevance not only as an analytic contribution but also as a synthetic device in the technopolitical context of an ever-growing digital platformization of the public sphere.



MAPPING (COLLECTIVE) IDENTITY: A BRIEF AND BROAD APPROXIMATION

Identity has been a popular concept in the social sciences since the 1960s2. Core to such popularization is the work of Erikson (1968), who understood identity as a process of bidirectional identification between individual and community. Also in the 1960s, the rise of the Black Power movement (a template for later identity movements), along with the weakness of left institutions and class discourse, facilitated the rise of identity language. In the 1980s, the rise accelerated with the emergence of cultural studies and its emphasis on race, gender, and class and their relation to identity. Social movements such as LGTBI also contributed to the political and the social spreading of the notion.

The notion of collective identity is nowadays central to sociological theorizing. It came to fill the gaps left by existing theories of social organization (Polletta and Jasper, 2001). It gained momentum in order to account for how phenomena such as social movements could display a consistent collective behavior despite a lack of strong institutional incentives (economic, hierarchical, legal, or otherwise). Melucci’s (1989, 1995, 1996) writings are now the obligatory entry point to the literature on collective identity, which we discuss in the following section.

Before exploring the debate opened by his work, it is important to analytically distinguish between the three senses or dimensions of social grouping or identity that we have found in the literature in social sciences: (1) an essentialist sense (based on properties or conditions shared by members of a group), (2) a representational or ideational sense (based on the external application or self-application of categories and representations), and (3) a relational or interactional sense (based on interactive relations between actors or between actors and their environments). Not infrequently, positions mix these aspects. Using this threefold context, we situate now some central positions in the social sciences that will help to situate our approach in that broad landscape.

A first approach, we named “essentialist,” frequently tries to reveal social groups by looking at (what are taken as) objective conditions or traits that are shared among the members of that group (material socio-economic conditions, genetic properties, sexual orientation, linguistic competence, or historical traits). An example of the attention to the objective dimension of identity in sociological analysis is that of orthodox, economy-centric class analysis (Wright, 2005)3, but many paradigmatic cases involve biological, psychological, or cultural traits (Sayer, 1997).

A second approach has stressed the primacy of ideational or representational elements in the shaping of social groups. Classical theories of social identity attend to processes of social categorization and identification. From Tajfel and Turner (1979) to Anderson (2016), from social constructivism (Berger and Luckmann, 1967) to gender theory (Butler, 1990; Lorber and Farrell, 1991), the application to others and to oneself of concrete discursive categories and representations has become central in discussions on identity. Constructivist approaches have suggested that discourse helps to construct the groups that, from a positivist standpoint, it allegedly describes [for a classical example in political theory, see Laclau and Mouffe (1985), Laclau (2005)].

Finally, a third approach attends to social relations and, especially, interactions as the basis of collective identity. The New York School of Relational Sociology “affords primacy, both ontological and methodological, to interactions, social ties (“relations”), and networks” (Crossley, 2015, p. 66). This tradition has often been associated to that of social network analysis [SNA hereafter; see Scott (1988)] in the last decades (Crossley, 2015), but it has also been differentiated from it, sometimes opposed as “theories of networks” vs. “network theory” (Borgatti and Lopez-Kidwell, 2014) or “relationism” vs. “formalism” (Erikson, 2013). While the former would attend to practices, culture, meaning, agency, and contingency, the latter would attend to mathematics, structure, formality, universality, etc. Despite their differences, both approaches should be regarded as complementary within a unified interest on reconstructing social categories on the basis of relations and interactions. Regarding the issue of collective or social identity, on the relational sociology side, Charles Tilly has proposed that “interpersonal transactions”4 are “the basic stuff of social processes […], compound into identities, create and transform social boundaries, and accumulate into durable ties” (Tilly, 2006, p. 6). On the formalist side, however, little attention has been paid directly to the concept of collective identity, but considerable progress (both formal and empirical) has been made on the understanding of social solidarity, group formation, and social cohesion and the way in which embeddedness in interaction structures gives rise to processes of identifications. So, for instance, Moody and White (2003) have shown how interaction network structural properties explain “ideational components of solidarity in a dozen large networks” of adolescent friendships and their “identification” with school.

We believe that both relationism and formalism, in their common emphasis on interactions, are key to rethink the social context today. In the present work, we rely more on the formalist SNA tradition. The availability of interaction data, the exponential increase in computational capacity for analysis, and the theoretical maturity of the graph theory provide an empowering methodological context for formal approaches that can now be integrated in the emerging field of computational social sciences (Lazer et al., 2009). However, the situation is not only methodologically favorable. As we are about to see, the increasing predominance of digital or technopolitical interaction networks on the formation and the maintenance of collective identities makes formal and SNA approaches more socially relevant today.


Collective Identities: An Open Debate From Social Movements to Systems Theory

Melucci’s (1989, 1995, 1996) proposal of the notion of collective identity tried to bring attention to aspects of collective action and social movements neglected by previous approaches: frequently informal, emotional, and cultural aspects—and, ultimately, identity—were thereby brought to the fore at every level of analysis (Polletta and Jasper, 2001; Snow, 2001; Opp, 2009; Flesher Fominaya, 2010). Under the ideational or representational paradigm, research on frame theory (Snow and Benford, 2000) connected with many of these leitmotivs and provided new tools for understanding how collective actors construct their shared views, motivations, and feelings about themselves and the world.

As we have discussed in an earlier paper (Monterde et al., 2015), to go beyond the slipperiness (Flesher Fominaya, 2010) and overextension (Polletta and Jasper, 2001) of the concept of collective identity in the literature, what may be required is a clear definition, systematization, and operationalization of its various aspects. As we noticed there, too, Snow (2001) has rightly shown that collective identities can be multidimensional—including cognitive, emotional, and moral dimensions (Melucci, 1989). In that work, we showed that attending to the interactional dimension (beyond ideational or representational approaches such as frame theory) was required and that such an interactional approach required, in turn, a network approach. However, we did not provide a proper and rigorous definition of collective identity that could be applied to other case studies.

Interestingly, Melucci gave a system- and network-friendly definition of collective identity by considering it as “a network of active relationships between the actors, who interact, communicate, influence each other, negotiate and make decisions. Forms of organization and models of leadership, communicative channels and technologies of communication are constitutive parts of this network of relationships” (Melucci, 1995, pp. 44–45).

From the complex systems tradition, what is crucial for the emergence of identities are the interactions between the elements of a system (Sawyer, 2005), between that system (or some of its parts) and its environment, and between that system and itself (in first-, second-, and third-order relations). The relationship between personal–psychological identity and social collective identities is complex and multifaceted (Stets and Burke, 2000). Since our task is to define the identity of collective identities, here, we are simply going to outline a basic understanding of their emergence in order to properly isolate and delimit our proposal for collective identity. Figure 1 shows this process of abstraction and the scale of analysis that we will focus on.
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FIGURE 1. Different scales of social identity, from the personal to the collective. Circles indicate individual agents, arrows indicate not only a direct interaction but also, more importantly, a modulation of the interactions (for simplicity, we have avoided drawing arrows over arrows). For simplicity, we also abstract away the internal network of interactions that gives rise to individual identity. (A) The way in which personal identity is built in interaction with the environment. (B) Other agents on the environment and how personal identity is thus shaped through interpersonal interactions that create relational and role identities in the process. (C) How a network of social interactions gives rise to an emergent collective identity; in turn, this identity affects the personal identity. In this article, we focus exclusively on how a collective identity emerges from a network of social interactions, bracketing; for the purpose of this analysis, the complexities involved in the interaction between different scales of personal and social identity. The simplified final scheme is illustrated in panel (C∗).




Collective Identity and the Politics of the Network Society: Varieties of Technopolitical Inter-Identities

From the path-breaking work of Castells (1996) onward, a growing body of research has shown the social transformations associated to (not determined by) the extension of digital technologies into an increasing number of activities and spheres, from economic to political. Promoted by a variety of actors, from governments and corporations to individual and organized citizens, this extension has crucially shifted the modes of information and communication and, in relation to them, the forms of constructing social phenomena such as collective identity, organization, action, power, culture, or politics (Kellner, 1999; Chadwick and Howard, 2008; Castells, 2009, 2012; Earl and Kimport, 2011; Bennett and Segerberg, 2012; Bennett et al., 2014; Coleman and Freelon, 2015; Gerbaudo and Treré, 2015). Technologies facilitate new forms of interaction (which also redefine those technologies), thereby bringing about new forms of identity (which, in turn, affects the other two).

Information and communication technologies and practices around them are at the core of such transformations. In our analysis, we look at cases from the field of politics, more specifically, party politics (Katz and Crotty, 2006) and contentious politics (Tilly and Tarrow, 2006). For that, we believe that the notions of technopolitics and technopolitical interactions are key. In a synthetic fashion, Hecht (2009, pp. 56–57) has defined technopolitics as “the strategic practice of designing or using technology to constitute, embody, or enact political goals.” It points toward both the technological construction of politics and the political construction of technology. This double direction of the relation between technology and politics is fundamental in order to understand the new forms of collective identity emerging in the network society.

Throughout the twentieth century, mass media were crucial in the shaping of politics as well as individual and collective identities. According to Douglas Kellner, the difference of recent technopolitics resides in the possibilities afforded by the web for things such as instantaneous worldwide communication, increased multimedia interactivity, archived discussion, and, more importantly, moving from a one-to-many broadcasting model of communication toward a “computer-mediated communication [that] is highly decentralized and makes possible many-to-many communication” (Kellner, 1999, p. 103). This means that, against traditional mass communication controlled by the State or big media corporations and usually reflecting elites’ views (be those of the owners, managers, or sponsors), web-based “political communication is more decentered and varied in its origins, scope, and effects” (Kellner, 1999). Castells (2009) has built upon this intuition about the many-to-many communicative structure enabled by the Internet and, later, social media. This generates a phenomenon which he defines as mass self-communication: “mass communication because it can potentially reach a global audience […] it is self-communication because the production of the message is self-generated, the definition of the potential receiver(s) is self-directed, and the retrieval of specific messages or content from the World Wide Web and electronic communication networks is self-selected” (Castells, 2009, p. 55).

Although we find much value in Castells’ notion of mass self-communication, we believe that something else is going on, in relation to collective selves or identities and contemporary technopolitics. New forms of communication in contentious politics and in social movements, such as 15M/Indignados, demand to rethink social identity not only in terms of masses but also of multitudes. Hardt and Negri (2004) have distinguished the mass as an internally undifferentiated and inert aggregate of people from the multitude as a collective “composed of a set of singularities… whose difference cannot be reduced to sameness” (Hardt and Negri, 2004, p. 99). As we have shown, at the core of movements such as 15M/Indignados, there were multitudinous identities, that is, internally complex, decentralized, diverse, multipolar, digitally mediated, and collective identities (Monterde et al., 2015). In view of these factors, it might be more appropriate to speak of multitudinous self-communication (Calleja-López, 2017) rather than of mass self-communication for some new emerging cases of collective identities, like the 15M movement.

Today party politics can combine dynamics of mass and multitudinous self-communication with various forms of automated politics. Campaigns include processes of political automation: the use of chatbots, posting bots, false profiles, and the automated inflation of metrics and followers (Bessi and Ferrara, 2016). They are frequently tied to the diffusion of fake news: biased, incomplete, or spurious media stories with exaggerated and emotional adjectivation (Graves, 2018). Finally, there are strategic communication companies, such as Cambridge Analytica, who have intervened in the last presidential campaigns of the US, Argentina, Mexico, Brazil, Sri Lanka, Malaysia, China, Australia, and South Africa, as well as the referendum that caused the separation of Britain from the European Union. These cases have drawn public attention to the use of these platforms for influencing and shaping public discourse and action (Tufekci, 2018) or to the emergence of alt-right collective identity (Garpvall, 2017; Gray, 2018), where the use of bots and algorithmic tactics seems to have played a prominent role (Daniels, 2018). In synthesis, there has been a rise of what some have defined as “datapolitik” or datacracy, which points to the strategic use of big data and digital platforms to gain and exercise political and cultural power (Gambetta, 2018).

These digitally networked practices and dynamics become more and more prominent, transforming much party and contentious politics into party and contentious technopolitics (Calleja-López, 2017). To think of collective identities today, it is necessary to build a technopolitical and an interactional approach to them. To build such an approach and to apply it to three different cases is the task of the following sections.



PROPOSAL: COLLECTIVE IDENTITIES AS STRONGLY CONNECTED CORES WITHIN COMMUNITIES AND ENVIRONMENTS IN DIGITAL INTERACTION NETWORKS


Introduction, First Approximation

The concept of “operational closure” has been used in complex system approaches to biological and cognitive systems to characterize the emergence of identities in interaction networks (Varela, 1979; Barandiaran et al., 2009). In the realm of the origins and emergence of life and cellular biology, the identity of the living is characterized as emerging from metabolic molecular interaction networks (Maturana and Varela, 1980; Ruiz-Mirazo et al., 2004). Recent progress in embodied and enactive psychology also conceives of identity as emerging from networks of behavioral and neural interactions (Thompson and Varela, 2001; Di Paolo et al., 2017). Moreover, the case has been empirically made that cognitive and psychological processes are interaction-dominant (Ihlen and Vereijken, 2010), meaning that the nature of the cognitive process lies at the interaction between components and not at the decomposable functioning of any such components (neurons, muscles, tools, etc.). These characterizations of identity rely on the concept of operationally closed systems understood as those that “(i) continuously regenerate and realize the network that produces them, and (ii) constitute the system as a distinguishable unity in the domain in which they exist” (Varela, 1997, p. 76). Although this and previous definitions (Maturana, 1970) have also been used to characterize social systems (Luhmann, 1986, 1995), there has been (to our knowledge) no previous application to characterize collective identities, neither has an empirical application of this approach in social media been attempted before.

Following the aforementioned tradition, we provide a first operational (formalist and interactional) characterization as follows: a collective identity is the interaction network that is both the result and the source of recurrent, cohesive, and coordinated communicative interactions between different agents across different communication spaces, distinguishing itself from the environment and other identities within a communication scope. The collective identity is sustained and defined by the network of interactions between individuals and between the resulting system and its environment. From this network, collective claims emerge, define its boundaries, and reinforce the interaction network itself. The exclusiveness of an identity will depend on the polarizing conflicts that tear it apart from others. The strength of a collective identity is determined by the degree of interactive integration or embeddedness of individuals.



Operational Characterization

We define a network-theoretical characterization of social and political collective identities based on (technical terms and in italics and will be explained below):

(1) Scope specificity and space multiplicity (steps 1–3 in Figure 2);
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FIGURE 2. Conceptual and algorithmic steps to specify collective identities in a social interaction network: (1) collection of individuals, (2) set of interactions in a specific interaction space, (3) filters a scope within the space, (4) interactions are filtered, (5) a giant connected component is isolated, (6) communities are identified, (7) the strongly connected components of the communities are identified, (8) those modular or community partitions without identities are turned into environment, and (9) core, audience, and identity sources are distinguished within communities (see text for further details and see Figure 3 for details of subfigure 2.9).


(2) Interaction significance (filter) (step 4 in Figure 2);

(3) Systemic connectedness (weak connected component) and community integration (modularity) (steps 5 and 6 in Figure 2);

(4) Identity core(s): closure to interaction coordination (strongly connected component and k-components) in directed graphs (steps 7 and 8 in Figure 2);

(5) Identity audiences and identity sources (step 9 in Figure 2).

The final result can be illustrated in Figure 3. We shall now move step by step in explaining the underlying assumptions, justifying the algorithms and analytical tools, and making explicit references to the toy model illustrated in Figures 2, 3 before we move to real-case scenarios. Although some steps or procedures might seem to be purely technical, they nevertheless embody important conceptual assumptions. In operational terms, the specification of a method to characterize identities is both a methodological and a conceptual process. We therefore detail the whole method in the following pages.
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FIGURE 3. Complete analysis of the interactive identities in a system: Two identities, (A,B), coexist within the system with a set of nodes being their environment (in gray). Each core identity inhabits a community made of sources and an audience.



Scope, Space, and Agents


Collective identities belong to interaction scopes across interaction spaces between individual agents

We understand by interaction space the medium or mode of structured interactions between persons, which can be social media such as social network (Twitter and Facebook) or physical places such as a room and also activities or practices such as voting, shopping, etc. In the present paper, we analyze a type of space where interactions take primarily (although not exclusively) the form of communication5. In such a (communicative) space, it is possible to distinguish different interaction scopes, that is, different thematic spaces or topics of communication, e.g., gender, sports, politics, etc. Usually, the same interaction scope cuts across different interaction spaces: e.g., a political topic is built cutting across campaign meetings, Twitter, street posters, televised debates, etc. Similarly, the same space hosts different interaction scopes: e.g., Twitter can accommodate simultaneously communicative interactions about football, politics, and gender at the same time and among the same individuals. Finally, individual agents are defined as nodes of communication that hold a specific identifier or reference on the communication space (e.g., a username). Note that they need not be humans nor unique. When formalized or visualized as a network, individual agents are pictured as a node that can be controlled by an autonomous computer program, a human or multiple humans, or a combination of them. We use the adjective individual to point out the indivisible nature of their display (you cannot divide or split a social network login account into two) and to distinguish it from potential collective agencies that would emerge from the interaction between individual agents6.



Interaction Significance


Collective identities are structured sets of significant interactions between agents

Once the space or spaces of observation, the individuals, and the scope or scopes are determined, it is still necessary to specify what counts as a proper interaction. When interactions are not digitized and directly recorded, the problem arises as to what the threshold is to consider a measurable variation relevant (what to record). Once recorded, the question still remains as to whether a specific interaction is relevant for outlining identity.

In such cases in which interactions are cumulatives/countables (e.g., retweets, phone calls, etc.), the network representations of the system is a weighted network, i.e., the link representing the interactions between two nodes has an associated weight (e.g., number of retweets, number of phone calls, etc.). As a result, non-significant interactions can be filtered out mainly in two ways: (a) by fixing a global threshold and retaining only the interactions that exceed the threshold and (b) by retaining all the interactions that locally, i.e., at the level of the node, carry a disproportionate fraction of the total weight of the interactions emanating from that node (e.g., if an agent talks to 10 people in one day but in two cases the conversation lasts more than 5 min and the remaining eight conversations are only a few-second “hey” or “good morning”; these last ones are removed and the rest was retained). It is known from different empirical analysis that global thresholding will result in a filtered network whose topological properties may be very different from the original network. Type b filters, because of their local nature, retain much more information instead (Serrano et al., 2009; Sagarra et al., 2014)7.



Systemic Connectedness and Community Integration


Collective identities exist within interaction systems and within communities that are more internally connected than they are with the rest of the network

We define an interaction (eco)system as the giant weakly connected component or the biggest connected subgraph. Simply put, the interaction system is the network of interactions that connects all the individual agents. After cutting out a subset of all types of social interactions, the subset defined by a given scope and, having filtered out the insignificant or irrelevant interactions, the resulting network might be split into two or more subnetworks. This is the case in Figure 2 (sub Figures 2–4): Within the space and the scope, the whole system is split into two, with a small subnetwork on the top-left side and a giant component. So, the first step is to isolate an interaction system and find the identities within, but before we move into finding the core identities, we first need to find their interaction communities, also called modules in network theory. An interaction community is a cluster of agents that interact more between themselves than what they do with the rest of the environment.
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FIGURE 4. Nodes are twitter handles, links represent retweets, and the direction of the link is indicated by the curvation, with the direction being aligned in a clockwise direction. The colors represent communities. Gray communities are those without an identity core. Light blue and light yellow communities are without core but formed by the news media and political commentators.


From the point of view of the collective identity (still to be characterized) of this module or community: it is the most proximal recurrent interaction environment for the identity core and can be distinguished from the rest of the network environment. The fixation of these communities is, to some extent, relatively dependent on a set of parameters that might split a given network or more or less (smaller or larger) communities. Knowledge of the systems and the expected communities and their boundaries is often required to fix such a parameter to deliver “the right” split of the network. This is often inevitable and shows one of the limits of interaction-centered structural analysis with incomplete information. It is also a result of the nature of identities: that they frequently appear nested (one can be an activist, leftist, socialist, and anarchist) and that there is no single privileged scale of collective identity construction that can be structurally identified.

Community detection algorithms or modularity algorithms split the whole network into communities or modules, leaving no nodes out of the partitions (Fortunato and Hric, 2016), and yet not every agent belongs to a collective identity or not necessarily. It is often the case that some networks split into communities that are the habitat of a given collective identity and other “communities” are simply the more general environment of the communicative ecosystem without giving birth to collective identities. In other words, a partition of the whole interaction system into those clusters of nodes that have more internal ties than they do with the rest of nodes does not mean that all those partitions are themselves identities. Thus, we need to move to the next step on identifying collective identities in order to clarify which of the partitions are properly communities for collective identities and which ones are not but are instead simply part of an unidentified environment.



Identity Core(s): Closure to Interaction Coordination


An identity core is the strongly connected component of the community

It is time to identify the core of an identity. We have defended that recurrent, cohesive, and coordinated communicative interactions define a collective identity. What identifies this core is its closure to interaction coordination: the property by which nodes of a subnetwork reciprocally influence each other in an effective manner and nodes that externally influence the subnetwork are not in turn influenced by members of the subnetwork nor external nodes that are influenced by subnetwork members influence back. We defend that these properties translate, within a directed functional network structure, into the notion of a strongly connected component and its k-cores. The canonical definition of a strongly connected component is as follows: “A digraph D is strongly connected or strong if each point is reachable from each other point” (Harary, 1967, p. 18), meaning that given any i and j within the graph, there exists a directed path from i to j. A node i is globally reachable if, for every other node j, there exists a directed path in G from node j to node i. In turn, C is a strongly connected component of a given network N if C is strongly connected and there is no strongly connected component in N that contains C.

The concept of a strongly connected component is only applicable to directed graphs (like Twitter or Facebook “like” connections), that is, in networks with arrows where the information flow or the dynamic influence or causality between variables is directed8. Information (or influence) can circulate within a strongly connected component, potentially departing from and reaching any node of the component. Note also that we are analyzing significant interaction networks within relevant scopes, that is, we are not analyzing mere relations like A being a friend or follower of B and, therefore, potentially receiving information from B. For a directed link to exist between B → A, it is necessary that A mentions or retweets or likes B’s message, that is, a real communicative interaction needs to occur, and this has to be significant (in the context of the overall communication intensity and compared to a random distribution of interactions) and that it occurs in a specific scope (thus, ruling out effective and repeated communications that are nevertheless trivial, like saying “good morning” on the lift or “today is finally Friday!” on Twitter).

It is reasonable to assume that actors (or nodes) A and B are part of the same collective identity if they are both influenced by and, in turn, influence other members of the network so that A and B can ultimately influence each other inside it. If A is simply connected to B, C, and D (which are interconnected), receiving information from them, but A cannot send information to B, C, or D, then A is not part of the BCD strongly connected component and therefore cannot be part of its identity. Note that there is a significant difference between A being part of an interactive identity and A being identified—or even identifying—with it. If A is an actor that simply happens to follow a given network activity and is influenced by it but cannot influence it back (directly or indirectly), A might symbolically identify itself with that network but it would not be part of its interactive identity. Conversely, A may be part of such an interactive identity without knowing it, even opposing identification with and despising it (i.e., if A influences B, C, or D, and vice versa, no matter how little A identifies with it symbolically, it can be part of its operational identity, even if antagonistically integrated).

In Figure 3, we can distinguish two identity cores, one for each community. Nodes n0, n9, n16, n18, n34, and n42 are interconnected so that they all influence each other—they form the strongly connected component of the red community A, whereas nodes n1, n4, n7, n23, n26, n40, n41, and n47 form the core of the blue community B.



Identity Audiences and Sources


The nodes of the community of a given identity core can become an audience of the identity if they receive information from the core or a source if the core receives information from them

As mentioned before, if node A does not feedback interactively with strongly connected nodes B, C, and D, it does not constitute that identity, but it might be part of its community. There are two major forms in which this can happen: node A can follow the identity core, consume its information, and amplify its reach or it can be a source of information for the core identity, without itself being affected by the activity of the collective identity. The nodes of the first group make, what we call, the “audience” of the collective identity and those of the second we call the “sources” (which we will use as a short for “source of information” with no intention to denote the origin or essence) of the identity core. Note that audience nodes are not all those that receive information from the core, but only those that belong to the community. In other words, if A receives information not only from an identity core but also from other agents or other identities or communities, node A will not be considered an audience. So, for example, in Figure 3, n44 receives information from n26 (which is part of the core of identity B), yet it is not an audience because it also receives information from nodes 5 and 25. Node n37 only receives information from identity core A and thus becomes an audience9. Note that n30 is also classified as an audience: it receives influences from node n0 at the core and also from the resource n3. Nodes are sources of a core identity if they belong to the community and if they primarily feed the core identity more than they do other nodes or groups or nodes in the network. In Figure 3, nodes n35 and n21 are sources of identity core B; the case of n43 is interesting because it is a resource of core B and it feeds directly into a resource of community A (n24) and environmental nodes n5 and n36.

Note that sources and audiences can have depth. A node n can be a source of a source of the core identity of community A or audience of an audience. There exists as well a third type of nodes in the community that are neither source nor audience because there is no direct information flow to or from the core identity, but they exchange information with audience or source nodes. These cases occur when node X can be a source of an audience of node Y of core node Z, but neither source or audience of the core and conversely node X can be the audience of node Y that is a source of core Z but not an audience or source of Z and also in all depths of previous cases. These cases are not displayed in Figure 3 but will appear in the empirical cases below.



Identity Cohesion and Internal Structure

Strong connectedness is the most basic or relaxed condition for an identity core. It is possible to deepen into the strength of the collective identity by means of other network theoretical properties. A central one is the notion of k-connectedness, which has been matched with cohesiveness as a key feature of social groups and networks (White and Harary, 2001; Moody and White, 2003). Moody and White (2003) define the relational (as opposed to the ideational) togetherness or structural cohesion of a group as the extent to which “the social relations of its members hold it together” (p. 106) and determine that “a group’s structural cohesion is equal to the minimum number of actors who, if removed from the group, would disconnect the group” (p. 109). This definition corresponds to the network theoretical concept of k-connectedness, and it further allows splitting of the identity core into nested cohesive blocks. In turn, embeddedness into a collective identity is the individual counterpart of structural cohesion: the deeper a node is situated in nested cohesive blocks, the higher its embeddedness. Following their work, we consider that the cohesion of a collective identity core can be measured by its k-connectedness, that is, by the number of agents that needs to be removed to disconnect the core10.

Note that this definition makes identity cores that depend on one or two strong leaders very weak in terms of cohesiveness. In this sense, k-connectedness can also be considered as an indicator of the degree of collectiveness of the identity core. A core with a single leader that holds the group together is much less collective than that of a highly interconnected core where multiple paths exist between any two nodes to inform and affect each other and no single node holds the key to maintain the whole.



APPLICATION TO THREE CASE STUDIES: 15M INDIGNADOS MOVEMENT, SPANISH 2019 GENERAL ELECTIONS, AND GENERAL STRIKE FOR CATALAN INDEPENDENCE

We now apply this characterization to two case studies of (techno)political identity formation on Twitter and one on Facebook. The idea is to show practical applications of the theoretical construct in different spaces, scopes, and structures. In particular, we study three types of collective identities: those associated with political parties, those tied to different poles of nationalism-loaded debates, and those of social movements.

The three case studies display limitations due to data collection constraints and sampling methods. Despite these limitations, our approach is able to depict consistent collective identities and their internal structure, yet the limitations on data sampling methods should not be confused with definitional procedures. In particular, defining collective identities within a scope was not intentionally translated into any specific procedure to collect data. Defining a scope is not always trivial. Moreover, even if a scope is well defined, technical problems might preclude its application. For example, if the scope is well specified by means of a complete set of terms, the resulting query to social network platforms often finds data processing limits or, even if the data is accessed, its processing is too costly. On the other hand, if the scope is well defined by some natural language processing algorithm, the whole unlimited conversation data would be required to apply the algorithm. In our case, we had to make data sampling decisions or work with existing datasets that did not perfectly match our notion of scope (within which collective identities are to be found)11.


Spanish General Elections 2019

We collected data through the Twitter Search Application Programming Interface (hereafter referred to as API12). The possible public communicative interactions that define the interaction space of this platform are creation–emission (tweet), access (read), response (reply), and re-emission (retweet) of short digital messages in a message exchange network. The API makes it possible to retrieve tweets containing words of any given set. Thus, the set of keywords used to retrieve the dataset defines, in this case, the interaction scope under analysis. We use as keywords the twitter handle and names of candidates and political parties participating in the Spanish general elections in April 2019. In particular, our dataset is composed of tweets (and retweets) emitted during the 3 weeks spanned by the official electoral campaign (8th to the 27th of April 2019). Thus, the data collection method is both node- and topic-centered. Individual agents are Twitter handles, being them persons, collective organizations, or bots. While different types of interactions are possible in Twitter, we restrict the analysis to retweets.

We represent the interaction networks with twitter handles as nodes and directed links from node A to node B if A retweeted B. We associate a weight to the link directly proportional to the number of retweets done by A to B.

In order to identify a first level of systemic integration, we isolate the giant weakly connected component (the ecological connectedness). As a second step, we filter the network according to the level of significance of the interactions. To do that, we apply a disparity filter and retain only those links which beat the (local) threshold. Since our links (interactions) are directed, we can consider the significance of a link from the point of view of the sender or from that of the receiver. When filtering, we always take the highest of incoming or outgoing links from a node. Following the nomenclature in network science, we call the filtered network the backbone network.

The giant weakly connected component of the backbone is composed of 133,734 nodes/twitter handles. Those are the individual agents of the system under analysis. We now apply a community detection algorithm to the backbone network. The first 10 communities by size represent more than 80% of the system, and we restrict our analysis to them. As we can see in Figure 4, each of the main communities can be identified with a political party or, in one case, with a group of political parties that share a common goal in scale and in relation to all other parties (this is the case of Catalan independentist parties).

We calculate the strongly connected components to isolate the core identity of each community. To assign a specific political party to a community, we look at the party or candidate profile included in its strongly connected component. Then, we identify the audience and the sources with respect to that strongly connected component or core identity. In some specific cases, we also consider in some detail other core identities (we call “secondary”) that exist within the same community. We consider that a community does not contain or constitute an identity if the strongly connected component within it has less than three nodes.

The resulting political identities basically correspond to the most important political parties in Spain and a further Catalan independentist identity composed by different Catalan political parties. We have also identified a community of news media as a shared source for different political identities.

Vox (extreme right) and Podemos (left), both relatively new political parties in Spain, are the first and second communities by size, representing, respectively, 15 and 11% of the whole network. However, their identity cores are small compared with that of traditional parties (PSOE and PP), both in terms of relative and absolute size. In the case of Podemos, audience represents 72% of non-identity core actors, while in the case of Vox, it represents 49%, and the largest part of actors (51%) is neither source nor audience. This is because there is no directed path from the identity core to them or vice versa. It is important to note that, in both cases, secondary core identities are larger than the ones that include official actors (parties and party leaders).

The largest political core identity, in relative and in absolute size, is that of PSOE, the party who won the elections (representing 4% of its community and 0.3% of the whole network). Also, it is the most cohesive, its maximal k-core being equal to 15, while the PP identity core has a maximal k-core equal to 10, Vox has equal to 7, and Podemos has equal to 4 (see Table 1 for a comparative summary). The identity is composed by party candidates, party official accounts, and also other agents (mostly “ordinary” supporters and non-public figures of the political party). During the electoral campaign, most of the supporters adopt a banner of the party in their profile picture, along with a campaign hashtag in the bio, as a sign of political identification. The large majority of ordinary supporters included in the identity core adopted these signs.


TABLE 1. Main network properties of the collective identities corresponding to the most important political parties in Spain during the 2019 election campaign on Twitter.

[image: Table 1]
The third community by size is ascribed to the Catalan independentist political identity, which was composed of different political parties. Due to the relatively small size of Catalunya’s region in the context of all Spain, they all appear bundled on a single identity. However, the identity core is formed by just four nodes, all connected to all, around the exiled former Catalan president, Carles Puigdemont (KRLS), that is in the core. Finally, the sixth community can be ascribed to the political party Ciudadanos, but it displays no identity core.

Figure 5 focuses on a specific political identity (that of Podemos) to show its internal structure. Its core identity is composed 36 nodes, including official accounts of public figures and members of the head of the political organization. The most embedded account includes the candidate for president (@Pablo_Iglesias_), the secretary of the organization (@pnique), the official account of the political party (@ahorapodemos), and speech persons (@ionebelarra and @Irene_Montero_). Some prominent figures of the information source of the identity are Joan Mena and Monedero. Monedero was a former member of the core organization of Podemos until his resignation from the Podemos political steering committee. Joan Mena is a member of the Catalan political party (En Comú Podem) that forms part of the bigger Unidas Podemos coalition. The analysis could be extended in more detail, but we have shown that the distinction between source, core, and audience is valid and consistent between and within political identities as depicted through some technopolitical interactions in Twitter.
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FIGURE 5. Podemos’ community. In purple, the nodes in the identity core; in light purple, the audience; and in dark purple, the sources. In light blue, the nodes that are not directly connected to the identity core.




Two Identities in Confrontation: General Strike Against Trial to Catalan Government Members

For this case study, data were collected during the general strike in Catalunya on the 21st of February 2019, with a set of related hashtag as keywords for querying the API. The strike was called by a Catalan independentist union against the judicial process of independentist activists and politicians. With this dataset, we expected to find, making use of our definition, two types of collective identities in opposition, which would stand for the independentist and anti-independentist sides qualitatively recognized in the confrontation.

As we have mentioned above, most community detection algorithms have so-called resolution parameters that control the number of communities that result from the application of community partitioning methods. Variations in the resolution parameter result in different partitions of the networks with different numbers of communities per partition; however, for a partition to be accepted as significant, a quality parameter has to be checked. In this case study, we are using the Louvain algorithm with resolution parameter, and we accept partitions with a modularity value above 0.4 and with less than 200 communities13.

We expect to have two main identities that eventually may have some internal structure or sub-identity. To check for this hypothesis, we calculate communities by varying the resolution parameter between 1 and 5, 1 being the default value. We use this case study to show how, despite the potential ambiguity of the way in which the community partition algorithm’s threshold might “arbitrarily” split a given interaction network and thus the underlying identities, community (or modular) partitions are often stable for different parametric configurations and reliable to characterize the relevant identities within the network.

From Figure 6, we can see that above the value 2.5 of the resolution parameter, more than 90% of the nodes are in the two main communities, while the modularity index remains above 0.4 (which is considered as sufficiently high). For greater values of the parameter, we appreciate a moderate increase of the percentage of nodes in the first two communities while the modularity is almost stable above 0.4.
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FIGURE 6. For each value of the resolution parameter, we calculate 10 partitions. The mean fraction of nodes in the first two communities and the mean modularity are respectively in red and green. The error bars representing standard deviation are almost invisible because they are smaller than the line’s thickness.


From this, we conclude that the system presents a robust bipartition. However, at the same time, we also note that, for small values of the resolution parameter, we have the modularity approaching 0.6 and the nodes dispersed in more than two communities. We can interpret this by recognizing that the system presents different structures at different scales of granular analysis (like that of tissues, cells, and organelles under a microscope).

We now look for identity cores, i.e., strongly connected components, at the scale at which the system is bipartite. For this, we take a partition with the resolution parameter set to 3. The first community represents 62% of the entire network, and the second represents 33% (as shown in Figure 7). The largest community is associated with the movement calling for the liberation of the arrested Catalan politicians and activists, while the other one is associated with Spanish nationalists or constitutionalists (defending the constitutional unity of Spain).
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FIGURE 7. Nodes are twitter handles, links represent retweets, and the direction of the link is indicated by the curvation, with the direction being aligned in a clockwise direction. The colors represent communities.


Inside both communities, we found two strongly connected components representing, respectively, 1.3 and 1.5% of their communities. The two other strongly connected components represent less than 1%; thus, we do not analyze the system with respect to them. Audiences represent, respectively, 52 and 48% of the communities, and sources represent 1.48 and 1.62%, respectively. Thus, the two communities, even if they differ in size, are quite similar in roles and compositions.

In both identity cores, the most central node is a Twitter activist, LeonidasC8 and yosoynaranjito_, respectively. Also, in the first 10 positions, we have activists, political organization, and civil society organizations on both sides. However, they differ in the composition of sources, being mostly news media for the independentist community while politicians from different political positions for the constitutionalist community; in particular, we found Albert Rivera, from the liberal right party Ciudadanos, in the first position by centrality and José Zaragoza, from the socialist party, in the fifth position.

When partitioning the network with a lower resolution, the constitutionalist community remains more or less identical, with two small additional communities appearing, both centered on the previously mentioned politicians and the supporters of their respective political parties or social-democratic and liberal-conservative Spanish constitutionalists. On the other hand, the other Catalanist side breaks in three communities of comparable size. One was centered around the Twitter activist that leads the identity core in the bipartite phase, one was formed by the political party CUP and its audience, which were in the former identity core, and a last one that was centered on the remaining part of the former identity core. Interestingly enough, a new community appears with an identity core, and it can be related to Twitter activists proximal to Podemos.



Multitudinous Identity: 15M Indignados

We close this application section with a different interaction space, scope, and type of underlying collective identity. Here, we study the network of Facebook pages of actors related to the 15M indignados Spanish movement [data and network characterization were taken from Monterde et al. (2015)].

The interaction space is Facebook, while actors are pages of collectives or initiatives. The methodology followed for sampling the network was node-centered. Based on situated knowledge, the authors chose a set of initial pages that they used as seed for a snowball sampling algorithm. Starting from these seed pages, they added as new nodes those pages liked by the original ones. This step was further repeated. If page A liked page B, a connection A → B is established [see Monterde et al. (2015), for more details]. The interaction scope is thus here defined not by the content of interactions but extracted from a sampling origin. In order to provide some comparative contrast, the seed also included the official fanpages of the biggest Spanish labor unions, again with depth 2 of their like network.

The sampling method is different from the one used in the previous cases of study. First of all, like relations between pages is a binary relation, it is present or not and cannot be associated with a weight. Because of that, there is no possibility to filter relations according to their significance level. As we will see, this results in few communities with more broad identity cores and tiny audiences. The sampling method also affects the composition of the identity core since seed pages have a higher probability to enter the core.

The largest community represents 54% of the network and is organized around the most central pages that are pages of movement organizations (displayed in green on Figure 8). The identity core of this community includes 60% of the pages. The source includes 98% of the pages not in the core (see Figure 9). Even if some effect of the sampling method and of the interaction space may be present, this is a strong indicator of the reciprocity attitude of this identity since this is not the case of others. This is also reflected in the high cohesiveness of the identity core; the maximal core number is 40, and 30% of the nodes are in the maximal k-core.
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FIGURE 8. Nodes are Facebook pages, links represent likes, and the direction of the link is indicated by the curvature of the connection (in a clockwise direction). The colors represent different identities: green for the Spanish Indignados 15M, yellow for Occupy movement in the United States, and red for Spanish Unions UGT and CCOO (selected to contrast with the 15M collective identity).



[image: image]

FIGURE 9. A closer look at the 15M community and its identity core and sources: Wikileaks, Periodismo Humano (Human Journalism, a Spanish web-based alternative news media), and Diario Público (newspaper).


The third largest community is formed by Occupy movement-related pages and pages of indignados movement outside Spain (displayed in yellow color in Figure 8). It represents 8% of the network. The identity core represents 70% of the community. The source represents 78% of the rest of the community, while the audience there represents 18%. Here the organization of the identity and its relations is similar to the main community. The nodes belonging to this community arose spontaneously on the dataset as tied to the 15M seed snowball sampling.

The second largest community is the result of an explicit seed, organized around the two big Spanish unions and representing 33% of the network (colored in red in Figure 8). It was introduced to work as a contrast and more traditionally organized environmental identity for 15M. The identity core represents 36% of the community, while the source represents 99% of the rest of the community (excluding the core), the audience being less than 1%. Here, we observe a strong directionality on the relation between the identity core and others, with a tendency of the core to engage in relations with others, but not the other way around. Given the dimension of the core, a hypothesis could be that sources are those that choose not to be in the identity core by not liking back pages in the core. It is also important to acknowledge here the limitation of the like connections in Facebook for the application of our definition that would rather demand a more interactive information flow.



DISCUSSION: COLLECTIVE IDENTITIES THROUGH (TECHNOPOLITICAL) INTERACTION NETWORKS

To our knowledge, we have provided the first fully operational interaction-centered definition of collective identity and its internal structure. It is certainly not complete, but once an operational definition is made explicit, albeit partial or incomplete, the benefit is that conceptual, mathematical, or algorithmic improvements can be made on specific unambiguous grounds and, similarly, assumptions and consequences can also be made explicit, discussed, and modified. In response to the criticisms to the use of the concept of identity, because of its slipperiness (Brubaker and Cooper, 2000), we believe that our work has first served to systematize and clarify the different approaches, values, and contemporary opportunities to study it [Section “Mapping (Collective) Identity: A Brief and Broad Approximation”], then to operationalize it (Section “Proposal: Collective Identities as Strongly Connected Cores Within Communities and Environments in Digital Interaction Networks”), and finally to apply it to various case studies (Section “Application to Three Case Studies: 15M Indignados Movement, Spanish 2019 General Elections, and General Strike for Catalan Independence”). In this section, we discuss some conceptual or theoretical progress that can be made departing from our proposed definition of collective identity, and we put it in connection with the wider theoretical landscape depicted in Section “Mapping (Collective) Identity: A Brief and Broad Approximation.” We also suggest some future lines of methodological, experimental, and conceptual improvements that can be used to expand the present framework.


A Working Operational Definition for Different Types of Collective Identities in Technopolitical Interaction Networks

In our analysis, we studied three different cases. One of them is a case of party technopolitics (2019 April general elections in Spain) and the other two of contentious technopolitics (Catalan strike and 15M). Elections are a prime example of the competitive and pluralistic moment of party politics (Bourdieu, 1981; Dahl, 1982), where different organizations launch their messages and try to mobilize their constituencies (or gain new ones) around a shared set of topics. Differently, the Catalan strike displays a bi-polar and antagonistic moment (Laclau and Mouffe, 1985) of contentious politics, when two groups opposed around a matter of dispute directly confront each other and split in two the political space. Finally, in the 15M case, we can see the self-constitution of a multitude through networked interactions (Monterde et al., 2015).

In this paper, we wanted to focus on the way in which each of the collectives involved in these variegated forms of politics can, despite their differences, be subsumed under a unified operational definition of collective identity. We have successfully shown that to be possible. Regarding the three major families of approaches to the notion of collective identity (essentialist, ideational, and interactive or relational), we have shown how, at least within the type of digital interactions studied and filtered by scopes, it is possible to precisely characterize collective identities in terms of the topological analysis of interaction networks without references to the shared properties of the constituents nor any specific understanding of their psychological representational identification and without any explicit analysis of the content of their interactions.

Our approach has put the emphasis in the commonalities of the ways that they do so. We have shown a shared pattern of current party and contentious technopolitics: the internal anatomy of interactional processes of identity formation through networked communication. We have shown how the type of platform may shape some specifics but that the key elements of collective identities (communicative interactions, cores, and audiences) may be relatively independent across different platforms and for different forms of politics (electoral, antagonist, and multitudinous).

However, our framework can be shown to do more than characterizing different types of interaction clusters under the unique and consistent operational concept of collective identity; it can also point to important differences. We can see that, in parties, the core identities are rather small (from 1 to 4%, depending on the party), while in the movement case, they are huge (up to 70% of a given community). This suggests a feature not underlined in our previous paper (Monterde et al., 2015): the identities in movements such as 15M tend to reduce the “leadership” (core) vs. “audience” divide, incorporating the latter into the former and transforming the typical asymmetric shape of communication in political representation into one closer to the ideal symmetrical shape of political participation. The 15M core identity indeed looks more multitudinary than the elitist core identity of parties. This may have another implication: the self-communication around parties looks closer to the traditional mass communication (one-to-many) model, even if it may count as mass self-communication. Meanwhile, the 15M seems to take a form closer to what we earlier defined as multitudinous self-communication (a fully developed many-to-many model). However, there are a number of caveats to notice around this result. We touch upon them in the following section.



The Complexity of Technopolitical Inter-Identities: Multidimensional, Multilayered, and Multiscale

The question arises as to whether interaction networks alone constitute collective identities or if they are “only” an increasingly measurable aspect of sociality that becomes useful to characterize those identities. In other words—are we suggesting that our proposal is an epistemic tool or a description of what collective identities really are? In a sense, both statements are partially correct. The interactive and rather structural(ist) conception of collective identity that we have proposed is not reductionist. We believe that identities are multidimensional and so should be the approaches to them. Forms of social identity cannot be explained away by interaction structures alone; the meaning of such interactions (the ideational dimension of such interaction) is crucial to the formation, maintenance, and transformation of the interaction structures themselves, the collective identities they give rise to, and the way in which collective and personal identities continuously feedback to each other. Moreover, the very identification of interactions (what is an interaction) and their selection is not without a certain semantic, ideational, or interpretive load (embodied on a selection of samples, scope filters, etc.).

Interaction structures are not simply a passive fossil or trace of the symbolic exchange and the associated identification processes. The interaction structures (and the platform infrastructures underlying them in the digital domain) also shape the ways in which agents build and re-negotiate their cultural meanings, generate collective claims, create new symbols, and preclude or amplify psychological and social effects [f.i.: the degree of embeddedness, affection, and salience of the social identity of individuals (Ashforth and Rogers, 2011)]. Without interaction, there is no organization, and without organization, any “essential” identity remains a passive collective trait, while ideational or representational identity (f.i.: self-ascribed identity) remains disembodied and inert. Thus, although recognizably incomplete, a proper interaction-centered operational characterization of collective identities is not only possible today (as we have shown) but also necessary to properly understand social identities in their full complexity. This complexity requires, in turn, more detailed examination and acknowledgment of its various facets.

Due to the multilayer or multi-space configuration of the underlying collective identities, what we have termed as identity audiences should not be dismissed as causally irrelevant or epiphenomenal in the conformation and the evolution of a socio-political identity. First of all, audiences are always potential cores and might also display as audiences in a given time span or a specific interaction space or scope while being part of the core at a larger timescale or a different interaction space. Also, particularly in politics and more so in representative democracies, audiences play a significant role outside any public-sphere communication domain: voting, and yet this is certainly not the only layer that matters to political collective identity formation. Although certainly informative, the study of interaction dynamics in an isolated interaction space is but an indication of deeper and more complex phenomena that are built across different layers (Kivelä, 2014; Cozzo et al., 2018). From a theoretical perspective, many studies show that both structural organization (Cozzo et al., 2015) and dynamical outcomes (Cozzo et al., 2013) look different when multiple layers are taken into account.

Collective identities are also multiscale. We have focused on a single scale of identity formation, but social and collective identities often appear nested (Ashforth and Rogers, 2011; Ashforth and Johnson, 2014). So, for instance, the electoral collective identities were identified at the scale of political parties (and the stronger and clearer network divisions appear at that scale), but left–right identities can also be depicted as merging different collective identities (those of political parties) into the same super-identity. This is partly inevitable and, instead of a methodological flow, it describes a property of social systems where multiple scales of identity or nested identities coexist. They go from the individual up to the whole of society, from the micro to the macro. Interestingly, the resolution parameter of community detection algorithms is crucial into freezing a specific scale, and our proposal to operationalize collective identities can accommodate and measure the capacity of social systems to organize into nested collective identities and communities.

In the broader picture of how identities (from personal identity to role and social identity to collective identity) are nested at different scales of interaction (as depicted in Figure 1 at the beginning of this paper), our contribution falls short to unpack the full complexity of human identity formation. However, by clearly depicting spaces and scopes, community boundaries, and network identity structures, it is now possible to address specific questions as to how the different levels of interaction might relate in the construction of human identities (e.g., how is role identity conditioned by the specific embedded positions within the collective identity network?).



Limitations of the Current Approach and Possible Improvements

There are a number of limitations and potential improvements to the cases and the methods presented in this paper. Some are of a technical and methodological kind. In particular, more detailed studies are needed to detach the effect of the sampling methods on the observed organization of the interaction network. In this direction, the development of a sampling method that is theoretically and statistically well-grounded to target collective identities is an urgent task.

We suggested studying collective identity as a network that is both the result and the source of recurrent, cohesive, and coordinated communicative interactions, but we focused exclusively on the interaction structure, the topology of relationships emerging from interaction networks, averaged out or mapped into a unified structure, and we have focused on studying a short period (“snapshot”) of interaction structures, that is, without considering its evolution over time. Despite the difficulty of gathering the data, a deeper study of collective identities in digital networks should include the long-term processes of evolution and structural change: the formation, split, expansion, extinction, etc., of collective identities. A further development of the notion of collective identity could and should also be enriched with the study of the dynamics of coordination and integration of interactions. The timing between the interactions, not only their structure, is, in this sense, informative. Temporal correlations, synchronizations, delays, etc. play a very important role in characterizing the degree and the quality of the coordination between individual agents (Aguilera, 2018).

Further improvements would demand that we apply our definition to more cases (more typologies of social and political collective identities) and also to a wider set of interaction spaces (other platforms, forums, social networks, mailing lists, etc.). Moreover, we have only studied collective identities within a single space while acknowledging that they develop across different spaces. So, studying the same collective identity across different communication layers and platforms (Twitter, Facebook, Whatsapp, etc.) remains an avenue for future research.

It also rests to be seen whether the present approach to collective identities is applicable beyond digitally mediated interactions and useful to other sources of interaction data (conversations, encounters, meetings, etc.). Of particular interest to us is the comparison between digitally mediated identities and the more traditional ones like those potentially emerging from traditional mass media, face-to-face meetings, or other means of communication.

Beyond the “interactionist” analysis in this paper, current computational methods also make it possible to take a more “ideational” approach [closer to the relationist tradition mentioned in Section “Mapping (Collective) Identity: A Brief and Broad Approximation”] by looking at the content of the symbolic exchanges to the formation and the characterization of collective identities by studying how collective claims evolve in parallel with the network structure of collective identities. Interactions can also be valued (in positive or negative terms, in their strength, etc.) by introducing yet richer values to network edges on the basis of automated content analysis (like sentiment analysis), and it is also possible to study identification together with interactional identity attending to the content of discourse frames [see Gallagher et al. (2018), for an example]. Such improvements go in the direction of extending the analysis from the syntactic (the interactional) into the semantic (the ideational) and potentially the pragmatics of technopolitics (Calleja-López, 2017).

One key to reach a more general theory of collective identities is the distinction between different types of identities and their relation with different models of communication. A specific limitation of the present paper lies in the fact that both the platform and the type of interaction (retweeting vs. following) are different in the 2019 elections and the 15M cases. Exploring such differences, using datasets from a single type of interaction and platform and adding the mentioned ideational (or semantic) aspects, is crucial to explore the possible types of identities and their relations with different forms of self-communication.



Analysis and Synthesis of Collective Identities in Technopolitical Interaction Platforms

We believe that digital platforms both mediate and simplify the ways in which social identities emerge. The platforms’ mediation has a clear constructivist potential: platform affordances and performances seem to shape social phenomena (Bucher and Helmond, 2017). In this sense, technopolitical inter-identities partially express the technical conditions underlying them. One key effect is their simplification: people can only perform a set of defined tasks. Combined with the legibility afforded by the platform, this makes possible a precise mapping of formal human and non-human behavior. We believe that, today, a systemic and network theoretic approach to collective identity brings the notion closer to the operationalization that some authors demand (Opp, 2009).

One of the most relevant questions from a technopolitical point of view is the manner in which different interaction interfaces and mechanisms might constraint and enable the dynamic emergence of collective identities—for a distinction between mechanics, dynamics, and esthetic in computer game theory, see Hunicke et al. (2004). Social network engineers and user interface designers determine a set of mechanisms (information fields, possible digital actions, user relations, channels of information flow, etc.) and interfaces (position, color and size of buttons, counters, fields, types of feedback, etc.) that deeply influence the kind of dynamics that emerge on the platform. Whereas Twitter like interaction spaces, made of short messages, quick interactions (retweets and response), and a continuous timeline, probably favor large networks and the fast formation of collective, technopolitical inter-identities, it is highly probable that they come at a price of low deliberative quality, lack of long-term cohesion, and fast confrontational dynamics.

Questions arise as to what kinds of interaction mechanics produce or facilitate the emergence of more (or less) cohesive, open, adaptive, sustainable, and diverse collective identities and how could a change in interaction mechanisms induce a resolution or lower the confrontation between two identities or break false consensus and visualize underlying social confrontations that are otherwise hidden. Our approach makes it possible to address these questions and to better design technopolitical networks with the goal of enriching the diversity and the complexity of social identities. Simulation models of network dynamics and multi-agent systems could provide valuable insights in this direction.



Why an Operational Approach to Technopolitical Inter-Identities Matters

Already in the 1970s, it was suggested that “the presently existing, largely categorical descriptions of social structure have no solid theoretical grounding; furthermore, network concepts may provide the only way to construct a theory of social structure” (White et al., 1976, p. 732). Although we only partially agree with this position, the transition toward digital social networks has strengthened some of the possibilities (and, in some senses, revealed the limits) afforded by network approaches. This takes place, particularly, in two respects. Firstly, digital networks and interactions can be mapped in detail. Secondly, the types of interactions afforded by digital platforms are limited, thereby simplifying and clarifying the structures and the dynamics of social relationships. There are various reasons for why our approach to collective identity matters today: (1) digital infrastructures make it possible to connect, disconnect, and reconnect, i.e., to redefine the interaction structure of communities, faster and more distributed than ever before; (2) the structure of such interaction networks is increasingly more available to study and manipulate; thus, it is likely that interaction structures become more central to the emergence of collective identities not because of any ontological priority status but because they might become a more direct object of action, representation, intervention, and explicit design; (3) the increasing prevalence of digital platforms that mediate social interactions puts pressure on the way in which such platforms are designed and regulated, yet regulating in terms of content (within the boundaries of basic human rights) is problematic. Efforts should be made to intervene primarily on the interaction mechanics that afford the emergence of social structures (from contagion to identity formation). To provide interactionist operational tools to measure and characterize collective identities is increasingly relevant if we are to defend the diversity of identities and deliberative quality. This is particularly relevant now that public attempts are becoming increasingly successful in creating digital platforms for distributed, deliberative, and participatory democracy (Barandiaran et al., 2017, 2020). Interface and interaction mechanics design is crucial for the emergent dynamics of decision making. We need a theory of the kind of network structure that is more democratic, making it possible for identities to emerge, express conflict, solve it, and increase their autonomous agency; and (4) it is more and more common for social and political movements to represent their own identity as a network of interactions. Network diagrams are not only epistemic tools but also ideational tools themselves, and providing a precise algorithmic procedure to generate such representations is an important part of identity formation processes.



RECAPITULATION AND CONCLUSION

In the era of artificial intelligence and algorithmic governance, through the combination of corporate social networks, big data analytics, and political cyberwar, the impact of digital networks on political life and social identity formation is becoming increasingly problematic. Interaction-centered approaches to identity formation not only make it possible to study such phenomena but they also allow to define protective and social autonomy-enhancing measures against the way in which corporate and institutional powers can asymmetrically intervene on the way we collectively define who we are. Operationalizing and quantifying the emergence of collective identities in digital interaction networks is a fundamental quest in this direction. To the extent that the increasing platformization of society extends and plays ever bigger roles in society with the increasing social penetration of digital platforms, the approach to identity that we take in this paper will probably gain relevance in time. Our analysis will gain applicability with the growing platformization of the social. Beyond its epistemic value, we believe that our approach is also useful for grounding critical evaluations and alternative models of design.

In this article, we have characterized a conception of collective identity that takes advantage of interactionist and neo-structuralist approaches through social network analysis. Inspired by the way in which the concept of identity is cast in complex system approaches to life and mind, we have provided an operational definition of collective identity and have shown how it successfully applies to different cases and domains. The proposed framework can be improved methodologically by including a dynamical analysis of interactions. It could also be complemented with computational methods that tackle ideational aspects of collective interactions and would certainly benefit from further experiments with richer and temporarily extended datasets.
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FOOTNOTES

1 The 15M/Indignados was a social movement in Spain, specially strong in the period 2011–2013, which made an intensive and creative use of social media (Hughes, 2011; Toret et al., 2015) and opened a political cycle that involved the creation of new parties such as Podemos and new forms of municipalism (Feenstra et al., 2017).

2 The brief review in this paragraph is based on Gleason (1983), Brubaker and Cooper (2000).

3 In a more complex manner, since the work of Marx and Engels, class could be understood as a progressive construction that goes from structural conditions under capitalism (that define a class in itself), through relations between actors (the class by itself) up to the rise of collective class consciousness (the class for itself).

4 For Tilly, unlike interactions, transactions constitute the actors involved in them: in transactions, actions run through the actors and not merely between them.

5 It might be important to clarify, at this point, the type of interactions that we are seeking for and what is required to be analyzed from such interactions. We can illustrate the nature of such interactions from those we are about to study: retweets in Twitter short messaging networks. For those who are unfamiliar with Twitter, a retweet might be thought of as equivalent to forwarding an email to your contact list or repeating an idea or argument you might have heard somewhere to all your family, friends, and workmates. What is important to note is that we do not study the content of the Tweet or idea being spread but the “mere” fact that person A retweeted to C and D what B said. (Thanks to reviewer 1 to point out the need to clarify this point).

6 The scope is very often specified, filtered, or selected during the data collection process by some sort of keyword filtering (hashtag, scope-specific terms, etc.) or network sampling algorithm (Carrington et al., 2005). Broadly speaking, the data collection methods for a social network study can be divided in two classes: node-centered and topic-centered methods. In node-centered methods, one or more nodes are used as seeds and the relation of these nodes with others are exploited to explore the networks, while in topic-centered methods, the content created by social actors is used to discover relevant nodes and their relations. A typical example of node-centered methods is the various types of snowball sampling. In this type of sampling, one starts with a set of central nodes and then explores its alters (nodes connected to members of this set) and includes or discards them (according to certain criteria, like strength of the connection or certain attributes of the alter node) to be included in the set and proceeds recursively with other members of the setup to a certain depth. This kind of algorithm is often used to study “hard-to-reach” populations/identities (Baltar and Brunet, 2012). In this method, the selection of the seeds and of the inclusion criteria delimits the scope. On the other hand, in topic-centered methods, a set of keywords is used to filter the content produced by actors, thus including in the sampling all actors that use the keywords and the relations among them. In that case, the keywords set is the delimiting proxy for the scope (Schmidt et al., 2018).

7 In particular, we will adopt what, in the literature, is known as the disparity filter (Serrano et al., 2009), which retains all the links that define the relevant structure generated by the weight and the strength assignments with respect to the simple randomness of a null hypothesis. Other types of filter of the same nature exist, and they differ only in the underlying null hypothesis.

8 The use of our definition of collective identity in non-directed graphs is problematic. One should either assume that influence is bidirectional between two connected nodes (in which case, all components of the network must be considered as strongly connected) or it turns impossible to identify any closure.

9 The fact that node “n” is part of the audience for this identity core does not imply that it exclusively receives information from this core, but only for this scope, during this period of time under study, and within this specific network of significant interactions. The same node can be an audience of multiple identities or play different roles at different timescales and scopes.

10 In what follows, we will use the related concept of k-core to analyze the cohesion of social identity cores. A k-core is the biggest subnetwork where all members of the subnetwork have at least k number of ties to other members of the subnetwork. Due to the high computational cost of computing k-connectedness in large networks, we will use k-cores as a working approximation to k-connectedness.

11 This problem is common to empirical sciences and not unlike a neuroscientist dealing with partial neuroimaging recordings or a sociologist dealing with a limited set of survey responses. The datasets that result from limited sampling methods and the models or structures that result from their analysis should not be confused with the object of study but understood as marks or indicators of that object: the underlying social dynamic.

12 An API is a software interface that makes it possible for third parties to request information or operations without directly executing the program or owning or accessing all the data. In our case, Twitter’s API makes it possible, within some limits, to request and receive interaction data between users.

13 This value represents a “standard” among network science researchers in order to consider a community as statistically significant (Ziv et al., 2005).
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Pregnancy presents some interesting challenges for the philosophy of embodied cognition. Mother and fetus are generally considered to be passive during pregnancy, both individually and in their relation. In this paper, we use the enactive operational concepts of autonomy, agency, individuation, and participation to examine the relation between mother and fetus in utero. Based on biological, physiological, and phenomenological research, we explore the emergence of agentive capacities in embryo and fetus, as well as how maternal agency changes as pregnancy advances. We show that qualitatively different kinds of agency have their beginnings already in utero, and to what extent fetal and maternal movement modulate affectivity and individuation in pregnancy. We thus propose that mother and fetus are both agents who participate in pregnancy. Pregnancy then emerges as a relational developmental organization that anchors and holds its developing participants. We end the paper with reflections on ethical implications of this proposal, and suggestions for future research.
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INTRODUCTION

Pregnancy presents some interesting challenges to the philosophy of embodied cognition. Recently, in a project on the metaphysics of pregnancy, Kingma (2019) has pulled apart two options for conceiving of the relation between fetus and maternal body. Either the fetus is merely contained within the maternal body, or it is a part of the maternal body. In the first case, the so-called container model, the fetus is like a bun-in-the-oven or a tenant to its niche (Smith and Brogaard, 2003). Kingma rejects this view. While it is widespread, she argues it is philosophically hard to maintain. Instead, Kingma argues for the second option, where the relation between mother and fetus is considered a part-whole configuration. For instance, the maternal body functionally and metabolically integrates the fetus, and both collaborate on maintaining the pregnancy. Kingma finds this view metaphysically more interesting, and more in line with biological and physiological knowledge of the process of pregnancy. But even accepting it, it “remains poorly understood” how far and in what ways each of them participates in this kind of relationship (Kingma, 2019, p. 626).

While we take Kingma’s metaphysical lay-of-the-land as general stage-setting for our arguments, her analytical approach also has some limitations. It shares with the container model a rather static account of pregnancy. Both overlook the fact that gestational conditions change and that the kinds of interactions that blastocyst, embryo, and fetus have with the maternal body differ greatly. In this sense, these models downplay the different kinds of interactions that take place throughout the gestational process.

Phenomenological insights provide interesting approaches to the interactions in pregnancy (Young, 2005; Smith, 2016; Moran, 2017). We will here follow and extend Jane Lymer’s (2011) proposal that mother and fetus maintain a bidirectional affective-communicative relationship. By this, she means that maternal movement and affect guide or imprint on the fetus’s ways of moving and being. Lymer connects maternal experience with empirical studies that show fetal responses to maternal actions, like voice, touch (Marx and Nagy, 2015), and stress situations (DiPietro et al., 2013). This combination of phenomenological and empirical research provides an experiential and existential advance on the analytical question of whether the fetus is merely contained within, or rather a part of its mother.

In this paper, we aim to further investigate the relationship between fetus and mother. To flesh out what this relation is, we will rely on biological, physiological, and phenomenological research, and suggest a way to operationalize maternal–fetal interactions. This allows us to elucidate pregnancy as a phenomenon of developmental relationality. For this, we will study pregnancy under two questions: To what extent are fetus and mother agents? And, to what extent do they participate in relation with each other? In asking these questions, we investigate the beginnings of both agency and participation in pregnancy. As living beings, we assume fetus and mother both have stakes in their own being and in their relation.1

Embodied views support the idea that prenatal bodily interactions provide the necessary preconditions for human cognitive development (Gallagher, 2005; Delafield-Butt and Gangopadhyay, 2013; Fuchs, 2018; Ciaunica and Crucianelli, 2019). Within embodied approaches, enactive researchers in the Varela–Thompson–Di Paolo tradition take further steps, by explicitly taking a life-mind continuity view. On this approach, mind begins with the processes of living (Varela et al., 1991; Weber and Varela, 2002; Di Paolo, 2005; De Jaegher and Di Paolo, 2007; Thompson, 2007; Di Paolo et al., 2010; Di Paolo and Thompson, 2014). Minimal living beings, such as single-cellular organisms, already are minimal sense-makers on this view. Operational definitions of sensorimotor and biological agency provide grip on this idea. In this paper, we take this enactive perspective.

The analysis of pregnancy we perform here tests the limits of the enactive view. In quite a literal sense, central concepts of the enactive approach, such as autonomy, agency, and sense-making, come into existence in pregnancy. Studying movement in pregnancy can elucidate the developmental beginnings of sensorimotor agency, and provide a view that places these beginnings earlier than has been proposed in enactive theory so far (Di Paolo et al., 2017).

As Di Paolo (2018, 2020) has recently suggested, the enactive approach benefits from being expanded with Gilbert Simondon’s idea of individuation. With this idea, Simondon processualizes the notion of the individual (Simondon, 2005). Thinking of fetus—and mother—as individuating may seem intuitive enough. But we do not only mean by this that they are both ongoingly developing as individuals. We also mean to refer, with Simondon, to their ontology as self-individuating beings. Self-individuation means that living beings avoid full stability (which would correspond to death) by ongoingly renewing metastable states rich in potentialities. That is, as they build themselves, living beings also build themselves out of their material and energetic environment. And as they produce themselves, they distinguish themselves from their environment. In enactive terms, living beings both self-produce and self-distinguish (Di Paolo et al., 2017; Di Paolo, 2018). Self-production and self-distinction are opposing tendencies between which living beings continually dialectically navigate a course of life. This idea, which we explain further in the next section, forms the basis of our analysis of pregnancy.

These conceptual innovations are reflected in our terminology. We use the terms fetus and mother, maternal body, maternal organism, and maternal person to refer to those who take part in and together make up pregnancy—the participants of pregnancy.2 Pregnancy itself, we will show, constitutes a new relational organization. This means that pregnancy is a particular relational process, which has particular implications for both maternal and fetal agency. Among these implications are that both fetus and mother develop and individuate not only in relation to each other but also to pregnancy itself as a relational organization. It is in this sense that we will defend that the relational process of pregnancy anchors and holds the fetus and mother. Therefore, in this paper, we take pregnancy as an emergent relational organization, with mother and fetus as its active participants.

The argument of the paper proceeds in four parts. We first introduce the operational enactive concepts of autonomy and agency, together with the Simondonian idea of individuation. Then, applying these concepts, we show how agency emerges in embryogenesis, in an analysis of how embryo and maternal body coordinate in the process of implantation. Then, we explore fetal sensorimotor agency. Finally, we show how fetus and mother modulate their cognitive-affective experiences in touch and movement, and how mother and fetus participate in the relational development that is pregnancy. Our intention is not to give an exhaustive description of agency in every stage of the pregnant process, but rather to highlight and specify it in a few developmental milestones across pregnancy: at implantation, and in the first developments of fetal movement and touch. We conclude with the idea that pregnancy is “not one, not two” (Varela, 1976), meaning that pregnancy is a level of organization that constitutes—as such—a new individuating process, in which its participants relate and all elements of which co-constitute each other. We close the paper with some ethical considerations regarding agency that may be addressed in future research and provide some suggestions for further empirical questions throughout.



ENACTIVE CONCEPTS

The enactive approach explains how movement and agency are not only individually guided but develop in participation with others (Varela et al., 1991; De Jaegher and Di Paolo, 2007; Thompson, 2007; Di Paolo, 2016). Enaction understands development as an ongoing process of self-production and self-distinction (Di Paolo, 2019). This means that when a cognitive system differentiates itself, an associated milieu emerges with it at the same time: “[cognitive systems] enact a world as a domain of distinctions that is inseparable from the structure embodied by the cognitive system” (Varela et al., 1991: p. 140). Most cognitive systems not only produce and individuate themselves but can also regulate their interaction with the environment. This is what we call agency. Here, we introduce the enactive operational concepts of autonomy and agency, enriched with Simondon’s notion of individuation. Looking at pregnancy from the perspective of this conceptual coalition will allow us to bring to light elements of agency and participation in pregnancy that have remained hidden until now.


Autonomy

The enactive approach is largely built on the biological concept of autonomy (for a systematic review, see Moreno and Mossio, 2015). In this context, autonomy is the capacity of a system to produce and maintain the processes that constitute it as a system. Autopoietic systems (a particular kind of autonomous system) self-organize in the sense that they are networks of mutually enabling relations—mainly biochemical processes of exchanging matter and energy (Maturana and Varela, 1980). Metabolism is the best example of an autonomous process in living systems. In metabolism, products from a set of reactions reincorporate into the system, as the basis for a next reaction, in such a way that products become processes. Autonomy in metabolism has two fundamental yet opposing tendencies: to keep thermodynamically open but operationally closed. That is, to let in flows of matter and energy as they are needed for regeneration, growth, or to fuel activity; but the system also tends—and needs—to avoid the tendencies that would lead to decay and indistinction from its environment, and so to close itself to some perturbations. This makes for a primordial tension between self-production (openness) and self-distinction (closing) (Di Paolo et al., 2017; Di Paolo, 2018). Autonomy allows us to see how life dynamically self-organizes.



Precariousness, Adaptivity, and Sense-Making

The operational concept of autonomy, however, is not enough to describe the differences between living and non-living systems. For this, Di Paolo (2005) has proposed the concepts of precariousness and adaptivity. Organisms are precarious not in the first place because they decay, but because their individuation involves the tension between self-production and self-distinction. All far-from-equilibrium systems tend to decay, but only living systems actively operate to counteract dissipation by navigating this tension. Thus self-individuation has an intrinsic dialectic that maintains the system in a constant turn-over: from self-distinction to self-production and back again. Neither self-distinction nor self-production are viable on their own: too much of one would destroy the other. The tension between them needs to be ongoingly solved (it is never finally resolved), by taking action.

In this sense, autopoiesis is full of potential, as it dialectically leads the system to a further step: to relate to its own existence and the surrounding elements. Di Paolo (2005) proposes to understand this as the autonomous system’s adaptivity, a necessary step to pass from mere physico-chemical interactions to a veritable perspective on the world. The living being can be said to be concerned with its existence (Jonas, 1966) and endowed with a sensitivity to discriminate between different states, recognizing when it approaches the boundaries of its zone of viability, and able to avert tendencies that would result in crossing this boundary. In this sense, the more adaptive an organism is at any stage in its life, the more potential for agency it has.

It is also here that sense-making begins. Sense-making is the enactive way of describing cognition in general. It does not immediately imply a sophisticated cognition or a distinction between cognition and affect, but first of all a primordial sensitivity that is affectively constituted in interaction with the organism’s environment. An adaptive organism is meaningfully affected by its interactions with the world, and so establishes the norms by which it evaluates or discerns these interactions, from the organism’s perspective as embodied and situated in its world (Colombetti, 2014).



Agency

Agency adds to autopoiesis and adaptivity the capability of an organism not only to interact but to regulate its interactions with its associated milieu, already specified by the process of self-individuation (see Figure 1). As autopoietic, the organism self-maintains, but mere interactions with its environment do not allow it to counteract environmental conditions if needed. In becoming adaptive, the organism self-maintains, and its interactions are now sensitive to changes in the environment, so it adapts internal constraints to them. Further, as an agent, the organism displays world-involving action: an agent acts upon external constraints by regulating its interaction with the environment. It forms a minimal ‘perspective’ on the world (at the very least in terms of “good” or “bad” for self-maintenance), which opens up its sense-making (as sensitivity to what can fulfill its needs or circumvent its constraints). The notions of individuality, asymmetry, and normativity capture in more detail the conditions for agency, so we will explore them next (Barandiaran et al., 2009; Di Paolo et al., 2017).
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FIGURE 1. The primordial tension of self-individuation. On the left, a self-enclosing circle represents the condition of operational closure, and the autopoietic system’s coupling with the environment. The ideal realization of the condition of self-production is shown at the top center, where the arrows represent material/energetic flows in the environment. In this ideal case, all of the environmental flows contribute to producing the system. The ideal conditions for self-distinction demand the opposite situation (bottom center), which would be satisfied by building an impenetrable barrier, preventing any environmental flow from affecting the system. In both cases, actual self-individuation is impossible (this is depicted by the open circles). The tension between the two requirements is overcome by managing their divergences over time, through adaptive, asymmetrical regulation of the coupling with the environment, accepting certain environmental flows and rejecting others (figure on the right). A system able to manage these inherent tensions in material self-individuation is an agent according to our definition. Copyright 2017 Ezequiel A. Di Paolo, T. Buhrmann and X. Barandiaran, with permission.



Individuality—Individuation

As an individual-in-becoming, a system distinguishes itself from its immediate surroundings. To have an intuitive understanding of self-individuation, imagine that the system ‘encapsulates’ its constitutive parts into a functional or physical boundary.3 In organizational terms, this is defined as operational closure (Varela, 1979; Di Paolo, 2009; Di Paolo and Thompson, 2014). This means, as in the definition of autonomy, that the boundary between system and environment is not externally given, but constituted by its ongoing processes of self-organization.

But the notion of individuality, as the first condition for agency, is problematic in the case of pregnancy (see Griesemer, 2018 for a review). There is no agreement on the stage at which we can consider the developing organism a biological individual. Nuño de la Rosa (2010), for instance, has argued that embryos are not biological individuals until organogenesis is complete and they reach functional and structural integration. A deeper exploration of individuation, then, must go beyond the idea of encapsulation, and refine the idea of operational closure, in favor of a processual approach that considers the successive transformations over the life span (Simondon, 2005; Di Paolo, 2018, 2020).

We consider that Simondon’s idea of individuation precisely emphasizes the open-ended process of development better than the notion of individuality. Individuation captures moment by moment the process that continually specifies its own domain of relations that constitutes itself and its environment. We also propose that the Simondonian notion of individuation grounds the process of becoming (following Di Paolo, 2018, 2020), even before functional integration is achieved during gestation. Taking this enactive-Simondonian approach, we emphasize the primordial requirement for agency—individuation—as an open-ended process.



Asymmetry

The next condition for agency is interactional asymmetry, or the ability to modulate at least some of the interactions with the environment. As Di Paolo et al. (2017) point out, agency implies that the exchange between the organism and the environment is not equal. If it were, the exchange conditions would be an even and unconstrained flux of matter and energy between agent and environment, and the existence of the organism would depend only on the external enabling conditions. In such a case, a system would not self-distinguish but would dissipate when the external conditions are depleted. In contrast, agency accounts for the adaptive powers that counteract environmental threats by acting upon external constraints. Living beings have adaptive capacities that allow them to do this. In interactional asymmetry, the organism shows a world-involving action by externalizing its activity. Bacterial chemotaxis or chemical signaling are minimal examples of this.



Normativity

The third requirement of agency, normativity, goes back to autonomy: the norms upon which the agent is acting must be established by the system itself. Normativity is implicit in the autonomous living organization. An autonomous, self-distinguishing and self-producing entity produces its own vital norms (Thompson, 2007). According to these intrinsic norms, actions contribute to the maintenance of the system or put it at risk. If the norms were to be externally given, then the system would be heteronomous. Normativity in minimal agents refers only to the norms that help to keep the system away from disintegration. In biological agents, it minimally means to keep alive by following metabolic norms. But in more complex living systems, autonomy can expand, producing additional normative frames associated with different domains (biological, sensorimotor, intersubjective, linguistic, etc.). These new normativities can be partially decoupled from metabolic norms and might even enter into conflict with them or with other normative levels.

In short, agency expands the autonomous capacities of a living being. As we said, agency is potential in every living system and emerges when the tension between self-distinction and self-production reaches a critical point, from which it unfolds (or which it, again and again, reintegrates). Expanding the scope of autonomy, then, is expressed in new ways of mediating and regulating its relationship with the environment. This is an important point in our analysis of the maternal–fetal relationship. We will see that, as fetal organization moves into new phases of individuation, it remains rooted in a fundamental process of autopoiesis, renewing potentialities, generating new levels of interiority and, with them, expanding the scope of agency and the capacities to interact with the environment.



BEGINNINGS OF AGENCY AND PARTICIPATION IN PREGNANCY

Now, applying these concepts and definitions to pregnancy, what is agency in the maternal–fetal relation? Starting from the enactive concepts, we realize that even in the most basic forms of biological organization, organisms will—at least in some moments—display some kind of agency. To illustrate the emergence of agency in pregnancy, we will study the case of implantation. The implantation process, we propose, creates the tensions that mark the beginnings of self-individuation for the embryo.


Fertilization

First, let us consider whether the female egg is a minimal autopoietic organization. When released from the ovaries, the human ovum is a free-living cell, covered by an extracellular matrix called the zona pellucida. In vitro studies show that metabolic activity in the oocyte is low because its mitochondria are still immature (Lubis and Halim, 2018). Thus, one might argue that the oocyte is not capable of autopoiesis (self-production and self-maintenance). But we consider this minimal metabolic activity to be sufficient to attribute autopoiesis because the female egg produces enough energy from oxidative phosphorylation metabolism to endure at least 12–24 hours (Lubis and Halim, 2018).4

After ovulation, the uterine finger-like structures, called fimbria, catch the oocyte and guide it into the fallopian tubes (Lyons et al., 2006). If fertilization occurs within 12–24 hours, the egg incorporates the sperm’s genome, creating the first primordial tensions in the zygote; a diploid cell that will rapidly enter into cleavage. During cleavage, the egg and sperm’s pronuclei fuse, and the zygote starts mitotic division. It divides into two, then four, and when it reaches the 8-cell stage, the embryonic genome starts to activate, increasing metabolic activity on its own (Lubis and Halim, 2018). The system slowly starts to depend less on the maternal gene expression and more on the embryonic genome (Lubis and Halim, 2018).

Cleavage continues until it forms a ball of 32 cells called blastomeres. Blastomeres are pluripotential cells, fully open to becoming any possible cell type. We propose to take this new multicellular state called the morula (top middle of Figure 2) as a concrete example of the ideal self-production, illustrated in Figure 1. The full potential present in every blastomere illustrates the openness of self-production. In this sense, the blastomeres make the morula a highly unspecified system (not an individual), as it is poorly differentiated, yet full of potentials.5
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FIGURE 2. The primordial tension of self-individuation, from fertilization to implantation. The zygote (autopoietic system) realizes self-production (metabolism) and self-distinction (it maintains the membrane and the system distinct from the environment). The wavy pattern on the left-hand side depicts endometrial cells before differentiation (an environment for the zygote). The morula (at the top middle) moves toward more openness (self-production), expressed by the pluripotential blastomeres. Then, the blastocyst pulls again into self-distinction, or closure, when it produces a new boundary: the outer layer of cells or trophectoderm (at the bottom middle). At implantation, blastocyst and endometrial cells change their morphology and gene expression (both show adaptivity) and turn into a functional embryo and receptive decidual cells. The way they coordinate with each other (interactional asymmetry) opens the possibility to adhere, attach and ‘invade.’ Both sides interact asymmetrically at the local level: they detect, modulate and respond according to each other’s activity (curved red arrows). The initial potentialities in the zygote (autopoiesis) are fully expressed in the blastocyst by more adaptive regulatory capacities (biological agency), depicted on the right side.


With an increase in metabolic activity, the embryo then enters into blastulation. We identify this process with self-distinction (bottom middle drawing in Figure 2), which corresponds to ideal closure in Di Paolo et al.’s conceptualization (Figure 1). To self-distinguish, a group of the cells in the system starts to form a new membrane, called the trophectoderm. The metabolic activity in the trophectoderm increases glucose uptake and introduces oxygen into the system. This creates a fluid-filled cavity inside the system called the blastocoel (Lubis and Halim, 2018). The rest of the cells will start to proliferate and compact to form the inner cell mass (illustrated as pink cells in Figure 2). When these three structures—trophectoderm, inner cell mass, and blastocoel—are mature, the blastula hatches from the zona pellucida. Now we have a new differentiated system which has produced its own new physical boundary. Note that in terms of self-individuation, this is a move toward more differentiation, but never “total” closure. Then uterine contractions, along with the uterus’s cilia, lead the blastocyst toward the endometrial implantation zone (Lyons et al., 2006).



Implantation

It is here, we argue, that biological agency emerges in pregnancy. Rather than a free and unconstrained exchange of chemicals in the ideal autopoietic cell, implantation shows highly specific and active co-regulation by embryo and endometrium. To show why and how agency emerges at implantation, we discuss evolutionary, clinical and biological evidence that challenges passive views of implantation.

Nuño de la Rosa et al. (2019) provide an evolutionary developmental account that conceives of implantation as a participatory process. Their proposal contrasts with traditional pictures of “the maternal–fetal conflict” in which the embryo aggressively invades, takes control of maternal immunity and exploits maternal resources against her interest (Ashary et al., 2018). Against such views, Nuño de la Rosa et al. (2019) propose that pregnancy is the result of evolutionary and developmental co-adaptation—a historical process through which maternal organisms and embryos co-evolved in Eutherian mammals. They explain that implantation is an inflammatory process of the endometrium, but in humans—Eutherian mammals—this process is particularly invasive. The authors suggest that invasiveness likely evolved as a result of both embryo and mother taking advantage and control over the inflammatory process (Nuño de la Rosa et al., 2019). They emphasize that the innovation (even a major transition in evolution) lies in this relational core of the maternal–fetal unit, and not only in the placenta as is widely accepted. Thus, human pregnancy demands both fetus and maternal organism to display specific adaptive strategies, enabling greater invasiveness and longer pregnancies in Eutherians, compared with other mammals (Wagner et al., 2014).

According to clinical and in vitro studies, implantation forms one of the greatest challenges to setting up pregnancy. Clinical studies report that around 75% of pregnancy losses occur at this stage (Norwitz et al., 2001; Cha et al., 2012).6 Failure can be attributed either to genetic abnormalities in embryo or to impaired differentiation in decidual endometrial cells (Norwitz et al., 2001; Cha et al., 2012). Such defects would impede blastocyst adhesion and attachment. Even if both sides are fully functional, they have a very restricted time span—the implantation window—to coordinate their activity (Cha et al., 2012). On the one hand, if they implant outside of this time window, implantation will be shallow or defective (Cha et al., 2012). On the other hand, if blastocyst and endometrial cells fail to coordinate, the blastocyst will not attach and die (Norwitz et al., 2001). More even, the maternal immune system might attack the blastocyst if it is detected as deleterious and non-viable (Ashary et al., 2018). Thus, implantation requires a competent embryo and a receptive endometrium to create the conditions for implantation (Norwitz et al., 2001; Teklenburg et al., 2010; Cha et al., 2012). It is in this sense that embryo and maternal body have adaptive and self-regulatory capacities to counteract the constraints of time, immune response and gene under-expression. Agential capacities at implantation are crucial for the viability of pregnancy.

Thus, based on biological knowledge, we can describe how implantation marks the beginnings of biological agency. Both blastocyst and endometrial tissues actively regulate gene expression, transcription factors, signaling pathways, inhibiting factors, and growth factors during the implantation process. For instance, the blastocyst secretes human chorionic gonadotropin hormones (hCG) that remove anti-adhesive factors in the endometrial epithelium. Next, the embryo uses the receptor L-selectin to facilitate its adhesion. This allows the blastocyst to roll over the epithelium, and sense a receptive place for implantation (Ashary et al., 2018). However, this mechanism is too weak to adhere and implant, thus it requires that the endometrial epithelium also displays specific adaptive capacities. The endometrial tissue self-modifies some of its cells, through differentiation, into specific types that support implantation: namely decidual stromal cells, uterine natural killer cells, and macrophages (Nuño de la Rosa et al., 2019) (see Figure 2). In turn, the embryo needs to coordinate with these specialized cells within the implantation window. Once the embryo implants, the maternal organism needs to adapt her main physiological systems to ‘integrate’ it to her homeostatic processes. After implantation, maternal nervous, cardiovascular, locomotor, and immune systems will accommodate to ‘hold’ the embryo (Nuño de la Rosa et al., 2019). In this picture, agency emerges from the relation between embryo and maternal environment at two levels: local tissues involved in implantation and global reaccommodation of the whole maternal organism.

In sum, the viability of implantation—and thus of pregnancy—depends on the adaptive capacities of the embryo and on maternal local and global adaptations. We propose that biological agency emerges here, from the need to establish coordinated activity by adaptations on both sides (drawing on the right-hand side of Figure 2). Embryonic individuation may indeed be cradled asymmetrically here7 (it is highly supported by the pregnant organism), but this does not lessen the fact that what is going on is individuation and the beginnings of agency. Indeed, it is not clear whose activity is more determinant for implantation, as empirical studies in vivo for humans are limited, and the underlying molecular mechanisms are not well known (Teklenburg et al., 2010).

This detailed description of implantation serves to illustrate the abstract concepts of autopoiesis, agency, and individuation (see description at Figure 2). At implantation, the embryo interacts with the uterine cells and meets the three requirements for agency: it reaches a certain degree of individuation producing its own boundary; it acts against decay upon external constraints of uterine signaling (asymmetry); and acts according to the norms of its metabolism and gene expression (normativity).8 Thus, pregnancy helps us to understand, refine and specify the fundamental tensions of self-individuation. The enactive notions of autonomy, individuation, self-production and self-distinction are sometimes criticized for being rather abstract (though see, e.g., Di Paolo et al., 2017), but we can show, by studying the physiological details of pregnancy, how agency emerges from the tensions between self-production and self-distinction.



Pregnancy as an Emergent Relational Organization

In pregnancy, two individuating organisms—each dealing with their own ongoing tensions between self-production and self-distinction—grasp into each other, literally and metaphorically. Their processes of individuation emerge in dependence upon each other. Furthermore, they are also dependent on the intertwined process itself that emerges between them. Thus, pregnancy is an emergent relational process. We propose that pregnancy individuates the developmental relation between maternal body and embryo. This relation can “solve”—always temporarily, again and again in new configurations—the tensions between the maternal and fetal individuations, and “hold” them as they do so. By this, we mean that both depend on this relation for their existence as long as the relation holds. In doing so, the biological relational organization anchors them to the process of pregnancy. All three elements—maternal and fetal individuations, and their relation—together make pregnancy possible. This is particularly true at the time of implantation. Conceptualizing pregnancy as this emergent relation full of potentialities and tensions is the fundamental step that we consider necessary for any analysis of pregnancy. It drives us to move away from an understanding of pregnancy focused on two already individuated systems—and how they relate—toward understanding what goes on in a dialectical-relational way. As pregnancy self-organizes, it constitutes, but does not over-determine, each of the individuation processes of maternal body and fetus.9

From here, we now move on to fetal development. We will see how the scope of agency changes again with the beginning of the first movements in the fetus. While the biological relation that grounds pregnancy holds metabolic needs in both, the potentialities in the embryo now create room to unfold actions that may not contribute directly to metabolism, but to regulating interbodily space.



SENSORIMOTOR AGENCY IN FETUS

Now that we have traced the emergence of biological agency in early pregnancy, we take the next step and examine the development of sensorimotor agency. Contrary to the widespread view of fetal movement as chaotic, limited and constrained, we suggest that fetuses unfold complex sensorimotor capacities. This involves an expansion in the scope of fetal autonomy and a new relation with the mother. To show this transition, we begin with the emergence of general movements and startles in the fetus, and then discuss breathing, suckling, and swallowing movements, and their integration in utero. Finally, we look at fetal touch, which expands the scope of agency toward self-affection and intercorporeity. The aim of this section is twofold: to show that fetal sensorimotor capacities are relational and situated in pregnancy, and that the fetus is a sensorimotor agent-in-becoming.

In contrast with biological agency, sensorimotor agency is the capacity of an organism to regulate its interactions with the environment by coordinating sensory and motor capacities. In line with Di Paolo et al. (2017), we use the term “sensorimotor regularities” to describe the predictable variations between sensory stimulation, neural, and motor activity (Di Paolo et al., 2017, p. 43). These sensorimotor regularities can be classified into different kinds, but we are only going to refer to sensorimotor coordination and sensorimotor schemes. The former are organized patterns of activity (and the basic units of our analysis)10 from which the latter emerge. Just like an autonomous system, a sensorimotor scheme dynamically organizes different sensorimotor coordinations, so it forms an operational closure in an adaptive, self-regulated way. As an autonomous system, the sensorimotor scheme must function according to its intrinsic normativity, as it puts together more or less successfully (fluently, efficiently, etc.) different sensorimotor patterns to achieve a goal (see Di Paolo et al., 2017).


General Movements

Dynamical approaches to locomotor development suggest that even the simplest movement can be considered a sensorimotor event and self-organized (Thelen and Smith, 1994). Studies in fetal movement, in particular, have shown how first movements emerge in the fetal body from the self-organization between its early nervous system, the fetal body support structures (muscles, bones, and organs), and elements of the uterine environment (fluid density, structural support, pressure, available space, etc., see Smotherman and Robinson, 1988; Mori and Kuniyoshi, 2010). For instance, Piontelli (2010, 2015) explains in two recent reviews that at the very beginning of the fetal stage the motor cortex—the area of the cortex that in adults is thought to control movement—is not yet developed. Thus, between weeks 7 and 13 most movements are produced from the central pattern generator in the early spinal cord and immediately enter into different loops of motor and sensory coordination.11

General movements are a clear example of how first fetal movements emerge from self-organization phenomena. Around week 8, the central pattern generator produces abrupt, shock-like jerks of the entire fetal body. These so-called startles appear to set in motion general movements, as they displace the entire fetal body in a pronounced upward thrust, provoking the limbs or head to shift position (Piontelli, 2010). As Piontelli remarks, at this stage limbs are weightless with respect to amniotic fluid density and, as such, they are “relatively ‘light’ and easily shifted” (Piontelli, 2010, p. 23). In turn, such movement of arms or legs often triggers another counter-reactive movement. These general motions can induce a completely new pattern in a previously motionless limb. In Piontelli’s words: “for instance, a hand may start to touch the face, or a leg may change its position, be flexed or extended, or both” (2010, p. 23). Sensory feedback gives the possibility to react to these motions, and eventually to adjust them. While the fetus is moved by the startle, it becomes progressively sensitive to itself and the different elements of its environment.

This suggests that self-organization in fetal movement starts as a biomechanical rearrangement and progressively enriches sensitive and regulatory capacities. Fetuses might find with startles that a hand is movable; moving the hand they might feel that touching the face with the hand is more sensitive than touching the umbilical cord or the uterine wall. As Piontelli points out, “through general movements fetuses begin to ‘learn’ to move and to attune their motions” (Piontelli, 2015, p. 128). As we will show, sensorimotor coordinations move from mere self-organizing motor patterns to more adaptive, self-regulated patterns of movement that sustain different sensorimotor schemes.



Breathing Movements

One of the most consistent sensorimotor coordinations is fetal breathing movement. Fetal breathing movements are detected around week 10 and differ from aerial breathing (Piontelli, 2010; Fraga and Guttentag, 2012). Unlike newborns’ aerial respiration, where the lungs support gas exchange, in the fetus the placenta is the main oxygen supplier. Instead of air, fetal lungs are filled with a fluid produced by the lungs’ epithelium. Fetal lung fluid constantly expands the lungs and increases lung density and pressure (Piontelli, 2010).

We said that fetal breathing is a sensorimotor coordination because it self-organizes movements of expansion and contraction between the diaphragm, the chest and the abdomen (Piontelli, 2010). Among chest and diaphragmatic movements, breathing movements regulate glottis dilation to ease the outflow of lung liquid and release pressure. Diaphragmatic contractions also control glottis aperture to limit the amount of liquid that flows out of the lungs (Wallace et al., 2015). This coordination is important because if lung liquid density is too low, it produces pulmonary hypoplasia, and in severe cases, alveolar collapse. On the other hand, if lung liquid volume is too high—during the absence of fetal breathing movements (i.e., apnoea periods)— it unbalances intra-pulmonary pressure (Wallace et al., 2015). To maintain optimal intra-pulmonary pressure, the ratio between amniotic liquid and lung pressure should be close to zero. However, in cases of underdeveloped lungs, higher lung pressure can help to accelerate lung growth and maturation (Wallace et al., 2015). Likely additional functions of fetal breathing movement are to prevent asphyxia and to prevent the amniotic fluid from reaching the lungs and causing damage (Piontelli, 2010).

It is worth mentioning that there are some conceptual problems with the interpretation of empirical findings in fetal breathing movements. First, there is no agreement about their function. Second, because fetal breathing movement does not attempt to bring oxygen into the lungs, received developmental views hypothesize that they might be a preparatory stage for the ‘real’ function in the newborn. Such views thus focus on the ‘grown’ individual. This kind of teleological explanation has been extensively criticized by the organizational approach to biological functions (Mossio et al., 2009), and by the idea of development as the retroactive realization of situated potential (Maclaren, 2017). It is how we, as external observers, know that these movements will eventually contribute to aerial respiration.

In contrast, under an enactive point of view, fetal breathing movements can be explained by their contribution to the actual system. When observing these movements, we see that the fetus actively regulates lung density by producing lung liquid and accommodating intrapulmonary and amniotic pressures. Also, the fetus does not realize breathing movements in a vacuum. Amniotic composition and pressure co-vary with maternal metabolism, movement and clinical conditions (Wallace et al., 2015). For instance, caffeine or some medications like amphetamines increase rates of fetal breathing, while depressants of the nervous system like anesthetics, ethanol, and narcotics inhibit fetal breathing activity (Fraga and Guttentag, 2012). In this sense, fetal breathing movements can be constrained by the mother, but are actively sustained by the fetus. Indeed, in absence of fetal regulation, e.g., when the fetus is anesthetized, paralyzed or dead, the lungs rapidly lose their density (Wallace et al., 2015). Also, without practising expansion and contraction movements, later on the newborn’s lungs would collapse upon taking the first puff of air (Piontelli, 2015; Wallace et al., 2015). Thus, from an enactive perspective, fetal breathing movements enable, rather than predetermine neonatal breathing.

According to these descriptions, fetal breathing movements can be considered an emerging sensorimotor coordination as they: (1), produce mutually enabling conditions, (2), define themselves as a system separated from, yet interacting with other systems, and (3) modulate their relation with the medium by equilibrating—accommodating and assimilating—fluid density, space, and pressure. While fetal breathing movements ongoingly solve these tensions between the amniotic liquid and intrapulmonary density, they form a sensorimotor coordination through adaptive and self-regulated patterns.



Swallowing

Fetal breathing movements are connected with other sensorimotor coordinations like swallowing. Indeed, the fetus swallows part of the lung liquid released during breathing. Swallowing requires the palate to fuse, to separate the vocal and nasal cavities. This happens around week 10 (Piontelli, 2015).12 Proper swallowing prevents the fluid from going into the lungs, and ensures that the liquid taken in remains in the stomach. At the very beginning, swallowing movements are not directed or controlled, but as pregnancy advances many muscles (about 24) and cranial nerves (6) start to regulate the swallowing cycle (Piontelli, 2015).

According to Piontelli (2015), the swallowing cycle self-organizes as follows. Tongue and mouth coordinate to draw amniotic liquid into the mouth; different tongue movements help to pass it through the esophagus to the stomach; the oesophageal sphincter closes if necessary to prevent chokes or reflux, so the liquid can be digested and, finally, fetal urine is released back into the amniotic fluid. Urine modifies the composition of the swallowed fluid, and then the cycle repeats.

As in the case of fetal breathing and lung development, the function of swallowing is not well known. Some researchers suggest that swallowing movements play a role in gastrointestinal development (Piontelli, 2010). But again, we insist that the actual swallowing anticipates no future neonatal gastrointestinal function, but enables it. Indeed, it is very likely that swallowing partially contributes to fetal nutrition—as 60–70 percent of protein is absorbed from the amniotic liquid. More importantly, swallowing also contributes to regulating the amount and composition of the amniotic liquid. Changes in its composition will alter the proportion or shape of fetal organs (Wallace et al., 2015). This may explain why the maintenance of the amniotic liquid seems to be increasingly taken over by the fetus to counteract a decrease in the amount of amniotic fluid.

Thus, the elements that compose swallowing movements are highly interdependent. An alteration in one aspect necessarily implies a re-accommodation and assimilation that will re-organize the whole swallowing pattern, or even a coordination between swallowing and breathing, e.g., releasing more lung liquid in the absence of urine. In this sense, breathing and swallowing are two sensorimotor coordinations that become more individuated, to such an extent that they organize into patterns that regulate fetal-uterine relations that are not strictly metabolic.



Suckling

When swallowing and breathing stabilize and coordinate, suckling emerges as a new sensorimotor regulation. Suckling movements coordinate motions of the mouth, tongue, and lips to create a partial vacuum in the mouth that facilitates drawing liquid into the mouth (Piontelli, 2015). This requires more motor control of the muscles of the tongue, lips and mouth than that practised in early breathing: more regulated ‘inspiration’ movements to sip liquid and create the vacuum. Swallowing also needs to be more stabilized in form and rhythm to impede choking. Only when the fetus has stabilized different movements involved in breathing and swallowing, like gasping, mouthing, and closing the glottis, can it accomplish suckling. For this reason, it is one of the latest movements to be detected in pregnancy, between 34–36 weeks. Indeed, when neonates are born preterm, suckling is hardly coordinated and the newborn is not able to accomplish nutrition or breathing on its own (Piontelli, 2015).



Fetal Movement Coordination

Based on the evidence discussed above, fetal movement appears to be highly organized. According to the enactive approach, this kind of organized movement can be taken as evidence for the origins of sensorimotor agency. Indeed, Di Paolo et al. (2017) address this same scheme in breastfeeding in newborns. According to them, breathing, swallowing, and suckling dynamically organize in such a way that they form an operational closure, achieving breastfeeding in an adaptive, self-regulated way. Their explanation is based on Piaget’s descriptions but adds a dynamical systems view on how both agent and environment enter into the equilibration process (Piaget, 1975; Di Paolo et al., 2017). As such, the sensorimotor scheme of breastfeeding consists in the organization of different sensorimotor regularities—suckling, swallowing and breathing—that assimilate new environmental aspects that were absent in utero: the nipple or bottle to suck, the milk to swallow, and the air to breathe. Sensorimotor agency, however, can already be observed in utero. Understanding agency as a relational process, we can trace the emergence of sensorimotor schemes to early pregnancy. As we will show, in the case of pregnancy, it is more evident how both agent and environment covary, mutually modify initial conditions, and participate in the process of self-organizing sensorimotor regularities.

In contrast, a more individual-centered approach might consider early fetal movements to be chaotic and ‘disorganized’ (Thelen and Smith, 1994; Piontelli, 2010). Thelen and Smith (1994) called these kinds of theories ‘adultist’ because they take the adult as the ultimate stage of a linear progression. In consequence, the actual capacities in embryo, fetus, infant or child are decontextualized and misinterpreted.13



Fetal Touch and Affectivity

The ‘adultist approach’ also permeates the study of fetal perceptual capacities. Fetuses are often compared with newborns, and the differences in organization and the relational situation in utero are disregarded. For instance, there is a widespread belief that fetuses receive auditory signals like neonates do, and therefore, that maternal voice or music can improve cognitive capacities (Piontelli, 2015). Though this conclusion may be true, the most developed sensorial capacities in fetuses are the tactile and olfactory systems, not the visual or auditory ones. Thus it remains unclear to what extent fetal reactions to sounds are mediated by tactile and proprioceptive sensitivities (Piontelli, 2015). After all, the fetal ear tract is filled with fluid, and this must modulate sound propagation in specific ways that remain to be addressed (Piontelli, 2015).

In this line, studying fetuses in their own situation would bring the attention of developmental researchers toward touch. Fetal tactile experience can be observed in how the fetus explores the boundary between innervated and uninnervated regions (Mori and Kuniyoshi, 2010; Piontelli, 2015; Hata, 2016). According to these studies, fetuses frequently touch certain body areas, such as the lips, cheeks, ears, and parietal bone, creating an autostimulatory pattern, which enhances innervation. For instance, when the fetus scratches and touches the forehead, innervation increases and the boundary migrates (Piontelli, 2015). Then the fetus touches the new innervated boundary, and the cycle repeats until the whole body is fully innervated (Piontelli, 2010; Delafield-Butt and Gangopadhyay, 2013). Additionally, whether the fetus touches itself, the placenta, or a co-twin, it develops different touching patterns, that differ in pressure, acceleration and directedness (Hata, 2016). In turn, maternal touch of her own abdomen increases arm, head, and mouthing movements in the fetus (Marx and Nagy, 2015).

In phenomenology, touch has been widely explored as constituting the first and most ubiquitous perceptual experience (Lymer, 2011; Maclaren, 2014; Piontelli, 2015; Ciaunica and Crucianelli, 2019).14 While this might not be indicative of reflective awareness of itself or the other, we can say there is a minimal experience in the fetus of a body feeling (Ciaunica and Crucianelli, 2019). This exploration shows a particular affective dimension, as fetal touch is associated with the C-tactile afferent that regulates “affective touch”.15 In this sense, fetuses may have a primordial emotional life which consists in the minimal experience of pain and pleasure, comfort and discomfort, stress and relaxation. However, we should be wary of overstating the emotional capacities of fetuses (Piontelli, 2015). While some studies argue that fetal smiles, frowns or other facial expressions are indicative of an emotional life (Hata et al., 2015), we consider it misleading to infer boredom from yawns, or other complex emotional capacities that require language and reflective capacities.16 Nevertheless, with the coordination and integration of fetal movement and touch, we might say we are in the presence here of what phenomenologists of pregnancy characterize as intercoporeity (Gallagher, 2011; Moran, 2017; Ciaunica and Crucianelli, 2019). We will go further into this in Section “Participation.”

To recapitulate, we have seen in Section “Beginnings of Agency and Participation in Pregnancy” how mother and embryo coordinate and hold some tensions at implantation, which inaugurates the relational biological individuation process of pregnancy. This fundamental relation anchors them to the gestational process. In this section, we pointed out that this anchoring allows the fetus to keep individuating toward new forms of agency through movement and touch. The uterine environment and maternal body co-coordinate this through active-passive touching. In sensorimotor agency, we find a different way to solve the tensions of perceptual and proprioceptive experience in utero, which gives rise to a primitive emotional life. In the next section, we finally explore the remaining question to complete the picture: how maternal experience connects with the fetus and how the pregnant person as an agent participates in the relational process of pregnancy.



MATERNAL EXPERIENCE AND AGENCY

It is time now to explore to what extent maternal bodily movement and experience contribute to and coordinate with the fetus’s developing agency. To explore the pregnant person’s agency in relation to the fetus, we connect previous empirical evidence with phenomenological insights.


Lymer’s Maternal–Fetal Affective Communication Theory

In the introduction, we presented Lymer’s theory of affective communication as the way mother and fetus interrelate meaningfully. Now, we want to connect Lymer’s evidence for maternal–fetal affective communication with our previous discussion of sensorimotor agency. Lymer explains that the mother participates in three ways: first imprinting, then negotiating and finally affectively engaging with the fetal body schema. With this, Lymer shows that maternal sensorimotor agency participates in the emergence of fetal movement as a lived bodily experience. On top of that, we suggest, sensorimotor agency expresses a type of interaction different from that of biological agency.

Lymer (2011) starts from Merleau-Ponty’s theory of child development and his concept of the body schema. According to Merleau-Ponty (1945/2012), the body schema is our capability to integrate bodily sensations, affects, movements, and perception in such a way that we learn to move naturally without reflecting on every habitual movement we display. For instance, we grasp a glass without putting our full attention and effort into it: we do not reflect on how our arm extends, our hand opens, and our fingers grasp. Nor do we calculate the energy needed for lifting the glass. We just do it. For Merleau-Ponty (1964), the body schema emerges in the 6th month after birth.

Lymer, in contrast to this and like we did, proposes that the body schema begins developing in utero. She further argues that the maternal body actively participates in the development of the fetal body schema, that interactions between them create tensions that are solved by negotiating the interbodily space and, finally, that mother and fetus affectively engage. We will develop some of her claims to show how fetal sensorimotor agency interacts with maternal bodily experience. Sensorimotor schemes are one way to operationalize the phenomenological insights into the body schema (Di Paolo et al., 2017).

Within the available space in the amniotic sac, the first thing to happen, Lymer says, is that fetal movement is elicited by the mother moving her body in certain ways, e.g., walking or sitting with a particular style and rhythm. In Lymer’s words:

“[o]verall, the situation of a 10 weeks old fetus within a fluid-filled womb within a moving body amidst rhythmic beatings and breathing would facilitate a continuously moving, flowingly rhythmic world. The growing buoyant weight of the fetus at this early stage would precipitate the rolling and rocking movements that are fundamental to develop capacities for basic homoeostatic bodily positioning such as upright and sideways” (2011, p. 139).

In contrast with our account of how first fetal movements emerge from the self-organization of neural, bodily and immediate environmental aspects of the fetus, Lymer emphasizes that the fetal body schema is born from the maternal body schema. In Lymer’s account, the maternal body participates, not as merely local, biological or physical processes but as a lived bodily experience for the mother, in the specificity of her movement and the ambivalence of her affectivity.

Lymer’s reasons to defend maternal movement as the origin of the body schema are various, but we highlight two of them. First, what Merleau-Ponty (1964) calls the syncretic phase precedes the formation of the body schema and, according to Lymer, it coincides with the kind of undifferentiated movement at this stage—i.e., the fetus is moved with and by the mother. Second, Lymer rejects the widespread assumption that reflexes are the origin of fetal movement.17 For her, first fetal movements are regulated and practised, but reflexes are not. Besides, Lymer continues, if we take reflexes as the origin of the movement, we have to explain the developmental process of the reflex itself: How did the reflex develop in the first place? From this, she concludes that reflexes cannot be the first cause of movement; it must be maternal bodily movement.

We challenge Lymer’s argument because, as we showed in the previous section, startles are reflexes, and they set the fetal body in motion, first spontaneously and then in a self-organized manner. This does not mean that we reduce everything to reflexes, nor that we reject Lymer’s proposal. We agree that maternal movement is a necessary condition for fetal development. But we want to acknowledge both sides. On the one side, fetal-uterine interactions are locally self-organized and, on the other side, the maternal body shapes fetal movement at the global level, moving the fetus and continuously assimilating it into her body schema. Taking either maternal movement or reflexes as the single cause of fetal movement fails to recognize different levels of interaction. Global and local interactions happen at the same time—to determine which was first is like trying to answer the chicken-and-egg question. The best we can do is to fairly acknowledge both local and global aspects in the emergence of the fetal body schema.

Then, when the fetus increases in size and weight and her movements are directed with greater strength, according to Lymer, mother and fetus slowly start to participate through negotiating movement. For this, Lymer says, the fetus must show patterns of movement consistent with goal-directed action,18 or sensorimotor schemes according to our discussion. This happens, for instance, when a twin shows movements specifically aimed at the co-twin. This can be observed from week 14 (Piontelli, 1992; Castiello et al., 2010). On top of this, Lymer suggests that at this stage mother and fetus learn to negotiate and coordinate with each other’s movements—e.g., walking rhythmically the fetus falls asleep. For Lymer, these kinds of interactions are achieved around week 22 (Lymer, 2011).

Similar to the sensorimotor scheme in fetal suckling, habitual patterns emerge from negotiated movements and help the fetus to develop movements with greater amplitude, force, and directedness. For Lymer, this is a break-through that marks the beginning of a new level of engagement between fetus and mother. As pregnancy advances, moving involves constantly perturbing or responding to maternal flow of movement and intentions; for example, adopting a posture might be pleasurable for one, and annoying for the other. The pushes and pulls of these interactions create tensions that have to be solved by negotiating movement. Lymer vividly describes it as follows:

“As I rocked in my rocking chair in order to soothe the frustrating nocturnal movements of my fetus, the repetitive smooth rocking structured a calming synchronization between my fetus and I. Once both the movement and the affect were in line, my awareness of his presence would recede and in this example, we could then both finally fall to sleep” (Lymer, 2011, p. 132).

These negotiated movements are tinged with affective disposition. By affective, Lymer means the felt experience of the body, or how it feels to move. In the case of the mother, how it feels to move while pregnant depends on how she integrates fetal existence. Most of this occurs at the pre-reflective level, as the maternal person might experience only 16% of the total number of fetal movements (DiPietro et al., 2013 in Lymer, 2011). Affective disposition, then, is the pre-reflective way the body affectively relates to itself and the other. Lymer describes it as an affective tonality that can feel pleasant like a melody in a dance, or disruptive like an invasion. From the maternal experience, her body might feel relaxed, and her movements smooth and fluid. But as fetal movements increase in strength and their trajectories grow bigger, they will often go against her flow. Then, her body might feel stiff and tense, and her movement heavy and blundering. According to Lymer, from the moment the fetal body becomes disruptive, it becomes pre-reflectively present to the mother because her habitual body schema is not available anymore. To move fluidly again, the mother has to bring her attention to her body, meet the new effort of the task, and then she would integrate the disruptiveness and habituate to a new feeling of moving.

While Lymer does not specify in which ways the fetus also engages affectively, she mentions felt experience and touch and, as we discuss earlier, they play a role in utero. Similar to our point on the adultist view of development, Lymer criticizes developmental views that are too visually based and too individualistic. She also defends that touch deserves more attention, as it provides the fetus with a sense of separateness and reversibility (Lymer, 2011).

Lymer’s descriptions of maternal participation complement our account of sensorimotor agency based on the fetus and its organization. At the same time, our account of sensorimotor agency in the fetus clarifies Lymer’s point that fetal neurophysiological, bodily and sensorimotor becoming develop together with maternal movement. These processes are deeply anchored in the maternal body as a whole. Incorporating Lymer’s idea of affective communication into our account of agency brings a more sophisticated picture of maternal–fetal interaction, by showing how the mother also contributes through her lived bodily experience to the relational process of pregnancy.



Pregnancy and Phenomenology

Understanding pregnancy as a developmental relational process can help explain how the mother as an agent is deeply and meaningfully transformed throughout. Moreover, research on the phenomenology of pregnancy has suggested that, while it can be utterly significant to it, the experience also goes beyond gender-specific female subjectivity. It pervades the very human condition, as all humans are necessarily born from women, as Adrienne Rich (1976/1995) says (see also Smith, 2016).

Iris Marion Young follows the idea that pregnancy puts into question the foundation of the unitary subject, and that pregnant persons experience and witness the ambiguity of ‘split subjectivity’:

“The first movements of the fetus produce this sense of the splitting subject; the fetus’s movements are wholly mine, completely within me, conditioning my experience and space. Only I have access to these movements from their origin, as it were. For months I can witness this life within me, and it is only under my direction of where to put their hands that others can feel these movements. I have a privileged relation to this other life, not unlike that which I have to my dreams and thoughts, which I can tell someone but which cannot be an object for both of us in the same way. Adrienne Rich reports this sense of the movements within me as mine, even though they are another’s” (Young, 2005, p. 49, referring to Rich, 1976/1995).

This externality, however, can be affectively incorporated or anchored in daily pregnant subjectivity. For Lymer (2011), maternal affective dispositions constrain and direct the formation of the fetal body schema as she incorporates the fetal body much like we incorporate artifacts into our body schema. Lymer uses the example of a person who has recently become a wheelchair user. They need to modify their body’s affective proprioception to incorporate the wheelchair and feel it as part of their body schema. In the pregnant body, however, the incorporation entails something more than a physical object. It entails the temporal adaptive accommodation of a living being. Someone who is pregnant incorporates a sensorimotor agent-in-becoming who increasingly negotiates interbodily space. Successful incorporation will depend on the affective disposition of the mother. The maternal body expresses receptiveness or resistance. It might allow the invasion to stay, scaffolding the self-individuation of the fetus, which in turn unfolds different potential agencies that might go against the maternal individuation as pregnancy advances. In their bodily relation, expanding and contracting their bodies, mother and fetus are literally modulating the scopes of their autonomies.

According to Sheets-Johnstone (1999), expansion and contraction are the basic kinetic structure by which emotion resolves itself. She describes this aspect of movement as its amplitudinal quality. For instance, the experience of our bodies as expanding and contracting can be felt in taking a deep, long breath—body and space are then felt as expanded or contracted with the movement. In Sheets-Johnstone’s own words, in this dynamic, “we are moved to move toward or against or away from” (Sheets-Johnstone, 1999, p, 267). She continues to say that in our very bodily postures, our “corporeal tonicities” make it possible to feel and to be moved to act (p. 265). In this sense, intercorporeality and its emotional load renew the primordial tensions from which agency emerges.

In the latest stages, an expansive movement of the fetus might be experienced as discomfort or even a transgression in the maternal organs, posture, and bodily movements. Indeed, according to Erwin Straus, the spatial sense of “I” that is usually located phenomenologically in our head shifts, in situations like dancing or pregnancy, from behind the eyes to the region of the trunk. Straus calls this orientation “pathic” because here we experience ourselves in greater sensory continuity with our surroundings (Straus, 1966 in Young, 2005, p. 52). This suggests a new form of self-production or “openness” accompanied by the blurred boundaries between me and the other, and between me and the world. The paradox can be put, as Lymer does, in terms of a tension between me and my pregnancy:

“Should I willingly participate in movements that facilitate a bodily synchronization then the merging of bodily movements will precipitate this blurring of boundaries and the phenomenology is an experience of being taken up or becoming caught up in the world of another. […] However, should I resist my pregnant embodiment by fighting to hold stable my pre-pregnant bodily boundaries by sustaining my previous habits then I must structure my affective engagement with the fetus as resistant” (Lymer, 2011 p. 130).

Certainly, the tensions in the felt experience are clearer to maternal experience. These maternal interactions at the global (bodily) level contrast with the picture of the local uterine environment and precisely help to distinguish that the mother has more autonomy at the global level than the fetus. Furthermore, as a person, the mother acts as biological, sensorimotor, intersubjective, and linguistic body (Di Paolo et al., 2018). In this respect, while the fetus solves tensions in bodily capacities, likeable or unlikeable sensations, the mother is endowed with additional expressive and reflective means through language, self-reflectiveness, and broader emotional and agential capacities.



Participation

Lymer’s proposal emphasizes the affective experience of movement as a contribution from the mother to the sensorimotor agency of the fetus. We still need to better understand how interaction can create meaning for both agents through coordinated and affective movements, and how cognitive development is not simply a bilateral or symmetrical, but rather a participatory relation.

When fetus and mother step into new engagements, they enter into a new kind of relation. This emergent relation acquires a level of autonomy, and regulates their agencies, but without over-determining their autonomy. This is in line with the definition of social interaction given by De Jaegher and Di Paolo (2007), on which the enactive theory of intersubjectivity as participatory sense-making is based. But are mother and fetus engaging in participatory sense-making? We can say that pregnancy as relational process contains both of them and puts them in meaningful and affective contact. But their interactions can give rise to multiple kinds of relations, not necessarily yet intersubjective. For instance, their sensorimotor interactions can enter into phases of coordination and breakdowns, without threatening pregnancy. The foundational, biological relation between them anchors the whole process, and as such, it must be preserved (without it, no other relation is possible and pregnancy would stop). Pregnancy supports sense-makers in their respective developments and levels of agency and co-constitutes their agential relations with each other.

The relations and interactions that emerge during pregnancy are not static. This relates to the initial concerns regarding the metaphysics of pregnancy. The container metaphor is unsatisfactory to characterize maternal–fetal relations. They are not two already individuated systems, one inside the other. Kingma’s part-whole model begins to better account for the relational view of pregnancy, though it raises new problems. For instance: how can a self-individuating part and its expansive movement relate, and modulate its relation, with the whole—and, vice versa, the whole with the expansive part? On the relational-developmental view of pregnancy we have presented, both maternal organism and fetus move back and forth in the expansion and contraction of their autonomy and agency. Within the tensions that this relation entails, they can participate any time they find the conditions for interaction.

Because of this, we propose that mother and fetus participate in sense-making, minimally. This is consistent with our analysis because the way each of them participates in their relation—as the agents they are at each stage—transforms them in meaningful ways. Note that they are not constituting, but modifying each other’s individuation processes. Thus, from this point of view, their perspective on the world is bodily and affectively intertwined in their interaction. As every interaction changes their situation in the world, the way they sense, make sense of, and value the world also changes. As such, the relation between mother and fetus can be considered at least minimally intersubjective. First experiences in the fetus are already confronted with the mother’s alterity in minimal ways, both locally, as a moving and rhythmic world; and globally (and later in development), when mother and fetus engage as two agents, from their own perspectives. Within the theory of intersubjectivity as participatory sense-making (De Jaegher and Di Paolo, 2007; Fuchs and De Jaegher, 2009; De Jaegher, 2018), even these (asymmetrical) forms of intercorporeality form an initial part of an explanation of intersubjectivity.



CONCLUSION: NOT ONE, NOT TWO

In this paper, we have raised the question of agency in mother and fetus, and of the interactions between them. It is not possible to provide a fully satisfactory answer to the problem based on an abstract, analytical framework that looks at how parts relate to whole, or whether the fetus is merely contained in an environment. We have found that we must understand how mother and fetus are pulling apart from each other, and still maintain an immediate relation that emerges as an autonomous relational organization. Physically, there is immediate contact between the fetus and the amniotic fluid. But at the same time, organizationally, there is a mediation between them, beginning when at some point the fluid starts to move through the body of the fetus, and later it will be moved by the fetus itself. We arrived here by changing the way we look at pregnancy, from the agents to their relations and back again. For this, the enactive concepts of self-distinction and self-production have proven helpful, and will still be needed to further clarify issues that we have not addressed here. A relational, processual view of becoming, individuating agents rather than static entities (individuals) thus changes our understanding of agency and autonomy.

In the same spirit, looking at the phenomenon as deeply relational, embodied and processual will change our conception of pregnancy. First, it acknowledges the active role of the pregnant person during gestation. In the social context, this can contribute to changing the perception of pregnancy as a passive and weak condition, and go toward a more robust and active idea of female bodies in general. Even so, as we suggested here, pregnancy is a hugely transgressive process and as such women require the most caring, responsive and supportive environment possible, whether in economic, affective, social, or institutional terms. For the fetus, this implies recognizing the great adaptive capacities that it develops during pregnancy to survive radical changes in utero and the dramatic environmental transition it has to accommodate upon and after birth. With these insights, we expect cognitive science to continue studying fetal development in its own right, without assuming the neonate (or adult) as the reference point. Furthermore, taking the enactive stance, this means for cognitive science and developmental studies that sense-making can be studied by looking at the interaction between fetus and mother, as an interaction to which they both relate, in a dialectical move that follows Varela’s (1976) idea of “not one, not two.” Even further, it means that what fetus and mother are doing during pregnancy is generating meaning in their intercorporeal interacting. All of these aspects have to be further explored. We consider we have provided enough elements to open up these questions for future empirical research.

Last but not least, our proposal can be read in relation to the question of abortion. While this is not the topic of this paper, we can make a few remarks on it. First, agency in cognitive science must not be understood as an arbitrary property, either by political convenience or moral convention. It must be understood as a phenomenon that emerges from the system’s mode of operation. In this sense, even if the system can fail or be alienated, the agency might remain as the potential capability to modulate at least some of its interactions with the world in some moments. We have used and developed the concepts of agency and autonomy here in this technical sense. This can serve to refine ethico-political discussions. Second, attributing agency to an organism, even in a complex form, does not imply that this organism is a human being. There is a large literature that studies unicellular and multicellular activity as agency (bacteria, plants, and animals), and nevertheless, they are not necessarily subject to the same ethical considerations as persons are—although maybe in some cases they should be. And third, the moral or political dimensions of agency, especially when talking about abortion, require a wider elaboration of humanity and life’s dignity that we did not address here. For instance, the recognition of suffering in fetus and pregnant person; issues of dignity or advisable death; or why some living forms should or should not be taken into consideration (e.g., human vs. non-human, fetus vs. mother). In this line, we do have a political stance: maternal persons should never be obliged to undergo such a transgressive process against their will, to the detriment of both fetal and maternal quality of life. These issues are beyond the scope of this piece, but other works address more specifically this question of political agency in relation to pregnancy (Rich, 1976/1995; Young, 2005; Lymer, 2016; Chadwick, 2018; Lewis, 2019). We encourage others to use the enactive elaboration here provided to connect with these political concerns in future work. At the moment, our argumentation about the relational aspects of pregnancy is far from attributing rational or moral capacities to the fetus. Instead, we propose a new way to look at pregnancy and the way it anchors, holds and co-determines the beginnings of human-like forms of agency and participation.



AUTHOR CONTRIBUTIONS

AM came up with the original idea (in part based on discussions with Michaela Pavličev, Laura Nuño de la Rosa, and Arantza Etxeberria, with whom we co-organised the Forgotten Female Bodies Workshop, Universidad del País Vasco, San Sebastián, 2018). AM researched the biological and phenomenological literatures on pregnancy. AM and HD together worked out the enactive argument and wrote the manuscript, and both approved the final version.



FUNDING

AM was funded by a predoctoral grant from the University of the Basque Country (PIF18/163), and the project PID2019-104576GB-I00 (Spanish Ministry of Science, Innovation and Universities). HD was funded by a Ramón y Cajal Fellowship (RYC-2013-14583) from the Spanish Ministry of Science, Innovation and Universities. The latter also funded the Inter-Identidad project (FFI2014-52173-P) of which this research project forms part, and which was also funded by a Basque Government Group Call funding (IT1228-19).



ACKNOWLEDGMENTS

AM and HD are grateful to Ezequiel Di Paolo, Laura Nuño de la Rosa, Mihaela Pavličev, and Iñigo Arandia for their critical reading and feedback, which were crucial for the progress of the article. AM expresses special gratitude to Tom Froese for introducing her to Lymer’s work; to Tom Froese’s research group 4E Cognition for the animated debates that informed the earlier version of this article and to the Institute for Research in Applied Mathematics in Mexico (IIMAS-UNAM) that supported her writing during the research stay between 2018 and 2019. AM is also grateful to Laura Mojica and Susana Ramírez-Vizcaya for their critical reading and comments. Part of this article was presented at the “Second Workshop on Enactive Approaches to Mind in Health and Disease” in the National Autonomous University of Mexico (IIMAS-UNAM) in Mexico City, 22–24th January, 2019, and at E-Approaches to Social Difference and Disparity Conference in Wollongong, Australia, 13–14th March, 2019.


FOOTNOTES

1One starting point of the enactive approach—which we take in this paper, as we explain in a moment—is that “life can be known only by life,” as Hans Jonas says (1966, see also Weber and Varela, 2002; Di Paolo, 2005; Thompson, 2007; Di Paolo et al., 2010). This means that, as living beings, we can recognize the stakes living beings have in their life. The idea is in line with existentially inclined scientists like Helmut Plessner, Frederik J. J. Buytendijk, Kurt Goldstein, Michael Polanyi, Georges Canguilhem, Erwin Strauss (Di Paolo, 2005). This entails a particular epistemological approach, which we avail ourselves of, but do not as such defend here. De Jaegher (2019) sets it out.

2This paper is about human pregnancy (not: pregnancy in non-human animals). In our view, the question of which interactions are at play during pregnancy can benefit from a phenomenological analysis, i.e., looking into human experience. Thus, throughout the paper, we will refer to human experience by referring to the maternal organism or the mother, and we will use uterine or maternal environment to refer to the non-experiential or localized contributions of the maternal body. We interchangeably use the terms maternal organism, maternal body, mother, and pregnant person to refer to the one who is pregnant, assuming—in general—a female body, but also acknowledging the diversity of humans who can be pregnant, including trans men and non-binary people (by also using “person” in places). [As we will see later (footnote 9), we do not use “pregnant body” for a gender-neutral term, because we have a different theoretical use in mind for “pregnant body”].

3Maturana and Varela (1980) described the boundary as a physical division, as the production of a cell membrane, as a condition for the existence of the internal chemical network. But not all boundaries have to be physically constituted: individuation is the process of differentiating something both functionally and spatially.

4The discussion about egg and zygote being autopoietic systems needs further elaboration but exceeds the scope of this paper. However, with the evidence available so far, we propose that oocytes can be tentatively characterized as autopoietic systems.

5Note that for Nuño de la Rosa (2010), the morula is not an individual, because blastomeres are not functionally and structurally integrated.

6In fact, these are not clinically recognized as pregnancies (Norwitz et al., 2001).

7With thanks to one of the reviewers, who insisted on this point and provided this expression.

8Partially at least, because the maternal body will provide for metabolic demands and regulate gene expression to a great extent throughout pregnancy. Agency is not all or nothing but can be a transient power of the living system. It is not always fully reached. Sometimes the fetus has agency, and it is necessary, we argue, for certain developmental transitions.

9A further proposal for characterizing pregnancy in this line is to conceptualize this relational organization as a pregnant body, in analogy with the theory of bodies introduced in Linguistic Bodies (Di Paolo et al., 2018). Working out this idea is outside the scope of this paper, but it can be a fruitful basis for further research. It is the notion of dialectical defined in this book (Di Paolo et al., 2018, chapter 6) that we also use here. Describing pregnancy as a dialectic, we do not mean it is a situation of balance and equilibrium that takes already constituted entities as premises. Rather, we understand it as involving metastability, tensions, and constituting relations. Transformations of tensions in one stage lead not to resolutions (or synthesis), but to new tensions in the next stage.

10Di Paolo et al.(2017, p. 43) describe sensorimotor coordination as “organized in the context of a task,” but the notion of “task” is not applicable in the same way in—what are often—laboratory studies and in utero. However, we will assert, and will also see this again in Section “Lymer’s Maternal–Fetal Affective Communication Theory,” that there is a certain regulation and goal-directedness to sensorimotor coordination in the fetus’s movements, when seen in their context.

11The central pattern generator is a neural network that produces the rhythmic patterns of activity, like breathing movements. These movements are produced in the absence of any rhythmical input. For instance, breathing movements are independent of maternal breathing (Piontelli, 2010; ten Donkelaar et al., 2014).

12The beginning of swallowing movements also coincides with intestinal loops coming back into place, after a natural prolapse (Trahair, 2001, p. 139).

13Another example of this is the controversial question of neonatal imitation (see, e.g., Meltzoff and Moore, 1977; Gallagher and Meltzoff, 1996; Oostenbroek et al., 2016; Vincini et al., 2017; Meltzoff et al., 2018). In this case, our analysis suggests it should be fruitful to investigate whether newborns have already practised the relevant movements in utero. In fact, some ultrasound studies suggest that most movements observed in neonatal life can already be identified in fetuses (Stanojevic et al., 2011). What we observe as imitation may therefore be the neonate’s efforts to accommodate and assimilate the new environmental conditions into previous schemes.

14With thanks to one of the reviewers, who suggested to highlight aspects of touch.

15In the fetus, touch is mediated by the C-Tactile afferent found in the lanugo—the hairy skin of the fetal body; and C-Tactile afferents are the kind of neurons that innervate the human skin, and regulate pain perception and so-called “affective-touch,” which is slow in acceleration and low in pressure (Piontelli, 2015; Ciaunica and Crucianelli, 2019).

16We cannot elaborate on this point, but it would be an interesting question for future research.

17Like Thelen and Smith (1994), Lymer rejects the tendency in some developmental research to see reflexes as the origin of movement and to reduce explanation to a neural basis.

18As shown by the KANET score (Kurjak et al., 2008). Using dynamical systems methods, this score can determine the level of directedness or regulatory movements in fetuses. The test classifies abrupt, cramped, non-fluent, small range movement as less or non-regulated, while smooth, fluid and complex movements with a full range might suggest more regulation (Hata, 2016).
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This article aims at theorizing a creative and processual theory of non-heterosexual identity. It will be argued that, so far, scholars have tended to theorize non-heterosexual identity from a monologic perspective, which establishes one-sidedly a casual and/or unproblematic relation between the emergence of forms of psychological suffering and the development of a non-heterosexual identity. Although it must be recognized that such a claim is important at a political level, at a subjective level, it leaves non-heterosexual people destined to be flooded by distressing and painful emotional states. To counter monologism within theorisations of non-heterosexual identity development, without ignoring the negative impacts of heteronormativity, it will be argued that non-heterosexual identity needs to be theorized (1) as part of a creative process situated in a specific sociohistorical context marked by heteronormativity, (2) as part of a situated process that produces and never ceases to produce multiple effects (self-states), which are unified to create an identity, and (3) as part of a situated process of creation that can be artificially transformed through art. These are the three claims that will move forward the argument of this article.
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INTRODUCTION

Since the introduction of the concept of homophobia (Weinberg, 1972), a relationship between non-heterosexual identities and different forms of psychological suffering has been amply demonstrated (Meyer, 2003; Herek, 2004; King et al., 2008; Lewis, 2009; Cook et al., 2014; Berg et al., 2015; Barrientos et al., 2016; Semlyen et al., 2016). Some studies have even shown that suicide rates are up to seven times higher within non-heterosexual people than heterosexual people (Tomicic et al., 2016). Worryingly, when comparing recent studies on the relationship between psychological suffering and non-heterosexual identities internationally, the situation does not seem to improve (Siqueira et al., 2009; Ghorayeb and Dalgalarrondo, 2011; Smith, 2011; Barrientos and Cárdenas, 2013; Pérez, 2014; Meyer, 2015; Flores, 2019). Thus, the evidence appears clear: the development of a non-heterosexual identity implicates negative material consequences at the level of subjective experience of non-heterosexual people, namely, the emergence of different forms of psychological suffering.

Since the depathologization of homosexuality, different psychosocial and socially sensitive theories have been developed to explain the problematic relation between non-heterosexual identity and psychological suffering (Cass, 1979; Troiden, 1989; Butler, 1997; Meyer, 2003). Despite their differences, all theories recognize that the emergence of psychological suffering in non-heterosexual people is related to the difficulty of developing a non-heterosexual identity in societies marked by pervasive homophobic violence and heteronormativity (see Warner, 1991; Bilodeau and Renn, 2005). However, the specific processes through which a non-heterosexual person is affected by homophobic violence and heteronormativity in terms of her identity development have been addressed in very different ways. In general terms, these theories can be divided between synthesizing and critical theories of non-heterosexual identities.

Drawing upon the identity theory of Erikson (1956, 1980), synthesizing theories were developed mostly in the 70’ and 80’ by authors such as Cass (1979, 1984) and Troiden (1989). In these theories, the emergence of psychological suffering is related to the capacity of the non-heterosexual person to arrive to an identity synthesis state after identity development. Although these theories have been widely used in empirical research and clinical practice, in the last three decades they have been deeply criticized, and have thus lost their heuristic value (see Kenneady and Oswalt, 2014; Ferdoush, 2016, for a discussion).

On the critical side, the performative theory of identity developed by the queer-feminist scholar Butler (1990, 1997) became a groundbreaking alternative to explain the relationship between non-heterosexual identities and psychological suffering. Drawing upon Freud’s (1915/1991) and Lacan’s (1977) psychoanalytic theories of human development and Foucault’s (1978) ideas of discourse, in which sexual difference is the cornerstone of sociocultural organization, Butler (1997) indicates that the heteronormative organization of society implies a process of individual identifications, which inevitably “spawn forms of melancholy” (p. 144). This is valid both for heterosexual and non-heterosexual people, however, for non-heterosexual people, due to historically situated heteronormative social norms the disavowal and unspeakability of their identifications “can achieve suicidal proportions” (p. 148). Although Butler’s (1997) alternative theoretical explanation is of major importance at a political level, allowing the exposure of unjust power relations, paradoxically, on the level of subjective experience, it has left non-heterosexual people somehow predestined to experience only one possible emotional state after developing a non-heterosexual identity: namely, melancholy.

This tendency to condemn the non-heterosexual person to only one emotional state after identity development is not only present in Butler’s (1990; 1997), but is typical of some brunches of poststructuralist queer-feminism (see also Sedwick, 1985, 1990; Jagose, 2001): an intellectual trend that draws upon Foucault’s genealogical analysis to theorize non-heterosexual identities. Whilst we acknowledge the political value of queer-feminist theory in the tradition of Butler (1990, 1997), we consider it problematic when it comes to the conceptualization of non-heterosexual identity, for it proposes a conceptualization in which identity is mostly understood as a suspicious constant recreation (and not creation) of the heteronormative norm (see Sedwick, 2003, for a discussion of the hermeneutic of suspicion of queer-feminist theory). In fact, one important implication of Butler’s (1997) theory of identity development is the assumption that the relation between psychological suffering and non-heterosexual identity does not need to be theorized, because there is an obvious causal relation between non-heterosexual identity and psychological suffering mediated by the norm (see Haraway, 1988, for more elaboration of this point).

However, if one wants to better understand not only how the norm is recreated in its Butlerian fashion, but also how it is agentively appropriated and transformed by non-heterosexual people, we consider it necessary to theorize non-heterosexual identity and not only the norm. In this regard, we argue that while there are norms that constrain non-heterosexual identities, there is also the potential for developments that defy an inevitable result such as Butler’s (1997) melancholy or other forms of psychological suffering. To support such an argument, we claim that non-heterosexual identity needs to be theorized (1) as part of a creative process situated in a specific sociohistorical context marked by heteronormativity, (2) as part of a situated process that produces and never ceases to produce multiple effects (self-states), which are unified to create an identity, and (3) as part of a situated process of creation that can be artificially transformed through the contemporary artistic practices of performance art. These three claims will move the argument of this article forward.

In the light of worrying evidence regarding the relation between psychological suffering and non-heterosexual identity, it is important for psychology in general, and therapeutic practice in particular, to better understand how the process of developing a non-heterosexual identity works in the context of heteronormativity. Although the more obvious result of such a process is the emergence of different forms of psychological suffering, a less monologic theory of non-heterosexual identity, that is, a theory that goes beyond identity as solely the effect of the norm and focuses also on processual and creative aspects of non-heterosexual identity development, can find creative spaces for potential developments that do not fall (only) into melancholy or other forms of psychological suffering.

There have been many theoretical approaches to the self as a creative process of becoming (see Bergson, 1946/2007; Deleuze and Guattari, 2000). However, there are not so many that specifically theorize identity and/or a unification state of the self as an important part of the creative process of self-becoming. Therefore, methodologically, this article will build an argument to support the three claims made above with the help of theories of becoming oneself, which understand the self as a creative and dialogical movement between self-multiplicity (non-identity) and self-unification (identity). When we use the terms creative and dialogical, our methodological proposal is of course inspired by the work of Bakhtin (1934–1935/1981, 1952–1953/1986) on dialogism and language, but also by the feminist and relational reading of the development of the self offered by the psychoanalytic scholar Benjamin (1988, 2018), in which the self is understood as a life-long process of creative negotiation of different and paradoxical self-states that moves dialectically between self-multiplicity (non-identity) and oneness (identity).

Considering the epistemologies that inform our methodological approach, we have selected the theories of creative becoming developed by Ricoeur, 1970 and Winnicott (1971) to support our first two claims. We suggest, perhaps arguably for some readers (cf. Strawson, 2004; Phelan, 2005), that these theories can be read both dialogically and creatively (see also Leiman, 1992; Priel, 1999; Collington, 2001; Ellis and Stam, 2010; Glaveanu, 2010). However, since these authors do not theorize the process of becoming oneself in the context of heteronormativity, we will also bring queer-feminist authors into the discussion such as Butler (2001, 2004, 2005) and Benjamin (2018), who place Ricoeur, 1970 and Winnicott (1971) in this specific context. To support our third claim, we will work with the theoretical approach to contemporary art practices pioneered by Rancière (2009a,b, 2013), which places the self and its political/subjective transformation at the center.

Concretely, in the first section the argument will focus mainly on the concept of narrative identity developed by Ricoeur (1992) in Oneself as Another, which, as we will demonstrate, was prefigured by a dialogical and creative stance of his preceding works. Since for Ricoeur (1992) heteronormativity is problematically invisible, his theoretical proposal will be complemented by the later works of Butler (2001, 2004, 2005), which for the most part, in opposition to her first theories of non-heterosexual identity, abandon her hermeneutics of suspicion and get much closer to the hermeneutics of trust developed by Ricoeur (1970) (see also Sedwick, 2003). In the second section, the argument will move to Winnicott’s (1971) relational psychodynamic theorization of the self and the relationship that his theory has both with creativity and psychological suffering. Since Winnicott (1971) does not theorize on non-heterosexual identity, we will draw upon the work of queer-feminist scholars to bring his theory of the self in line with the research object of this article. With the help of Rancière (2009a,b, 2013) art theory, in the fourth section it will be argued that institutionalized contemporary art practices such as performance art can be theorized as a creative space in which non-heterosexual people can explore playfully and transform their identities. All sections of the article aim to support the three claims made above. As it will be seen in the concluding section, when non-heterosexual identity is understood non-monologically as a provisional result of a historically situated and life-long creative process that moves between unification and multiplicity, the apparently causal relationship between non-heterosexual identity and psychological suffering becomes disrupted.



NON-HETEROSEXUAL IDENTITY BEYOND NORMS

As it has already been suggested, the first theories of non-heterosexual identity developed by Butler (1990, 1997) present some theoretical flaws. The first problem in Butler’s (1990) theories can be found in her seminal work Gender Trouble, which by giving too much attention to newness and resistance, tends to leave undertheorized those aspects of the self that, despite its unessential nature, tend to remain stable. The second problem can be found in The Psychic Life of Power, in which, in order to address the stable aspects of the self, Butler (1997) makes reference to Freud’s (1915/1991) theory of melancholy, concluding that under heteronormative social conditions non-heterosexual identity (and actually any identity) is destined to be flooded by melancholy. In this reading, heteronormativity is seen as a rather static structure with which both non-heterosexual and heterosexual people identify. It is important to consider that for Butler (1990, 1997), drawing upon Lacan (1953/2012), Lacan (1977), identity is, at least theoretically, always non-essential and, somehow, also nonexistent. However, for Butler (1997) identity becomes a rather fixed intrapsychic structure via libidinized identifications with the norm. As the reader will see, this changes in Butler (2001, 2004, 2005) later works in which this intrapsychic structure is no longer seen so problematically. For instance, in Giving an Account of Oneself, identity is seen more as a necessary creative, even artistic, process for personal survival achieved through a self-narrative: “no one can live in a radically non-narratable world or survive a radically non-narratable life” (p. 34).

In Oneself as Another, Ricoeur (1992) elaborates a theory of a socio-historically situated and non-essential self – that is, a self as “an event in the world” (p. 30), which, unlike other non-essentialist accounts found in Lacan (1953/2012), Lacan (1977), the early works of Butler (1990, 1997), and Foucault (1978), does not consider personal identity to be as problematic, or at least not for the same reasons. The first theoretical movement that allows Ricoeur (1992) to be, paradoxically, “non-essential” without dismissing identity is to separate two different but interdependent aspects of the self: sameness or idem-identity, and selfhood or ipse-identity. Thus, for the philosopher, identity is paradoxically both change and continuity, both newness and stability. Before continuing with the question of identity, it is important to understand some historical epistemological tendencies of Ricoeur (1992). This will help the reader to understand why this article considers that Ricoeur (1992) can be interpreted dialogically and creatively, and also why such an interpretation supports some aspects of the first two claims presented in the introductory section: (1) identity as part of a situated process, and (2) identity as a unification of the multiple effects of that process.

In Ricoeur’s (1970) critique of Freud’s (1915/1991) theory of the self, he identified some epistemological ambiguities in Freud’s psychoanalytic approach: self as a biopsychological structure vs. self as linguistic process. Later, criticizing Lacan (1953/2012), Ricoeur (1970) argued that the French psychoanalyst erroneously solved Freud’s (1915/1991) epistemological confusions by imposing the norms of the linguistic structuralism of Saussure (1933/1945), Jakobson (1960), and Levi-Strauss (1962) upon the unconscious and conscious self, a theoretical movement that Ricoeur (1970) clearly rejects (see also Simms, 2007; Bussachi, 2016).

In later works, Ricoeur (1975, 1978) clarifies his theory of language that, 30 years before Oneself as Another, separates it from structuralist understandings of the self. In short, Ricoeur (1975, 1978) uses Benveniste’s (1966) theory of language (sociolinguistics) rather than the ones proposed by structuralism. For Benveniste (1966), as well as for Ricoeur (1985, 1992), the self develops and never ceases to develop in and through discourse, that is, through the concrete use of language which is always living and embodied in a specific “public time and space” (Ricoeur, 1992, p. 50), and not as an effect of the ahistorical norms of language (see also Billig, 1997). Hence, language is understood as both the materiality and the action through which the self comes into being (Ricoeur, 1992, pp. 33–39).

Using Benveniste’s (1966) approach to language, it appears that in Ricoeur (1970, 1975, 1978, 1985) work, there exists a displacement from semiotics to semantics, and from the instance of the letter to the instance of discourse (see Ricoeur, 1985, p. 53). It was exactly this displacement that would allow Ricoeur (1985) to argue in Time and Narrative that the experience of human time, that is, the experience of having a life that develops throughout a temporal dimension, is narratively created through the use of language (pp. 61–64). Hence, without a narrative – however partial and provisional this narrative may be – the self would be deprived of sociohistorical existence. It is this idea of deprivation of sociohistorical existence due to the absence of personal and social narratives that Butler (2001, 2004, 2005) recognizes in her works after the Psychic Life of Power.

In Giving an Account of Oneself, it is easy to observe that Butler (2001, 2005) is critical of narrative theories that impose on subjects the obligation to deliver a narrative of themselves. For Butler (2001, 2005), some branches of contemporary psychology have been particularly harmful because of their tendency not only to impose the necessity of a narrative but also the insistence that it must be a coherent one. However, as the reader will see later, taking into account the dialogic possibilities of contemporary narratives that Ricoeur (1985) identifies in Time and Narrative, it could be argued that what Butler (2001, 2005) criticizes are the monologic heteronormative narratives imposed upon subjects, which do not offer them many possibilities for being. On the contrary, they render invisible the diverse forms that a historical embodied life could take.

Although for Butler, 1990 language has played a major role in her theories of identity and subjectivity, it is not easy to follow her epistemological path regarding language, as it can be done with Ricoeur (1970, 1975, 1978, 1985). Nevertheless, what can be observed is her tendency to move back and forth from a more structuralist approach to language, in which identity is only the (subjugated) effect of the constraining norms of language, and a more dialogic approach, in which “the signifiers of identity are not structurally determined in advance” (Butler, 1997, p. 104).

This rather confusing movement between different approaches to language ceases in Giving an Account of Oneself. What changes in this work is the importance that Butler (2001, 2005) ascribes to historically situated intersubjective relations mediated and made possible when one is not only controlled and constrained by language, but uses it to give a narrative account of oneself. By doing this, Butler (2001, 2005) comes much closer to Ricoeur’s (1992) understanding of the relation between language and identity, in which personal identity develops within a “dialogic skeleton of highly diversified interpersonal exchanges” (p. 44). Nevertheless, what differentiates Butler (2001) from Ricoeur (1992) is her argument that these interpersonal exchanges within which any possible identity develops must be placed in a “scene of address” (Butler, 2001, p. 33), which is predefined by social norms that regulate the directions that a self-narrative can take. Although something similar to a scene of address – a “context of interlocution” (Ricoeur, 1992, p. 192) – is vaguely addressed by Ricoeur (1992), the concrete material conditions that constitute a scene of address remains somewhat unclear. As it was claimed in the introductory section, for a theory of non-heterosexual identity, it is not enough to say that identity is a narrative process. Identity is a narrative process that takes place in the context of heteronormativity, thus, the vagueness of Ricoeur (1992) regarding the context in which identity develops is unacceptable and needs to be corrected.

Drawing upon Benveniste (1966), for Ricoeur (1992), one’s own identity is always performed by an “I–You” (p. 41), there is never an “I” alone. Hence, the very emergence of a sense of being something such as an “I” that owns an identity is preceded by a “You” that demands its presence. Considering the heteronormative scene of address identified by Butler (2001, 2004, 2005), this demand never takes place in a vacuum. This means that the “I” is not called to become whatever it wants in terms of identity, rather, there are heteronormative norms, that is, historical monologic narratives regarding sexuality, that would need to be accepted first, if the “I” were to become recognized by the “You” as a valid “I.” This certainly leaves non-heterosexual people in a dangerous position. However, by focusing too narrowly on the monologic narratives that constrain identity, Butler (2001, 2005) overlooks the complex processes that make possible the very existence of this identity, and also in turn the possibilities that could be opened up if one understood these processes dialogically.

According to Ricoeur (1992), the process through which personal identity develops is called the “self.” The self occurs and never ceases to occur between two poles that Ricoeur (1992) calls idem-identity and ipse-identity, or sameness and selfhood. The pole of sameness (idem-identity) is associated with that part of the self that remains, more or less constant and is recognizable by the “I” and others as being the same throughout time (e.g., one’s own character). Nevertheless, the problem of sameness is that it “cover[s] over the innovation which preceded, even to the point of abolishing the latter” (p. 121). The sameness pole of the self are “acquired habits” (p. 122) that have been rehearsed and performed over and over through language-mediated intersubjective relations within a dialogic discursive field, that is, within a specific historic and linguistically organized sociocultural context populated by multiple ideologized perspectives (see also Bakhtin, 1934–1935/1981, pp. 270–272). Because the pole of sameness develops within a dialogic discursive field, the sameness of the self can be theorized as a narrative (linguistic) and provisional unification of multiple experienced perspectives of the self about itself. Nevertheless, although these perspectives are experienced individually by the self, they always carry a historically situated ideological weight.

This idea of the self as narratively becoming within a dialogical discursive field presented in Oneself as Another was already developed in Time and Narrative through Ricoeur’s (1985) analysis of Bakhtin’s (1934–1935/1981) dialogic novel. The introduction of dialogism into Ricoeur’s (1985) theory of narrativity had an impact on his later theory of narrative identity. It is, indeed, dialogism in narrative identity that allows us to suggest that non-heterosexual identity does not need to fall, at least not always, into the pervasive monologism imposed by heteronormativity.

From our interpretation of Ricoeur (1985), narratives are material and situated human actions – “configuring act[s]” (p. 61) – which are not constrained by the norms of language but by preceding narratives. As Ricoeur (1985) indicates a narrative is that particular “poetic composition” (p. 94) which, as a cultural resource, is in charge of creating artistically (artificially) the social and individual experience of human time (see also Arfuch, 2010). It is precisely the experience of time that transforms a biological organism into a historical human being with a life that has been meaningfully lived and that can be remembered. This is what leads Ricoeur (1985) to state that a personal narrative gives meaning to one’s own remembered life “by elevating meaningless life to a meaningful work by the grace of art” (p. 80). It is important, though, to consider that narratives as sociohistorical and situated artistic actions have changed throughout history.

Before the dialogic narrative theorized by Bakhtin (1934–1935/1981), Ricoeur (1985) indicates that traditional European narratives were rather “monologic” (p. 96). This means that the narrator was the organizing principle, the owner of the experience of time. On the contrary, Bakhtin (1934–1935/1981) dialogic narrative breaks the hierarchy in which the narrator always has the last word. This means that the dialogical narrative is open to the multiple voices – ideologized perspectives, in Bakhtin (1934–1935/1981) terminology (see also Larrain and Haye, 2019) – that constitute the dialogic discursive field in which every human life unfolds. This also has consequences in terms of time. There is no more a singular experience of Time, but rather multiple perspectives of an experienced time that cannot be detached from the material lives of the characters. In sum, what the dialogic narrative as cultural resource achieves is to question the ways in which narratives have historically helped human beings to create the experience of time, exposing that singular Time was rather a consequence of “centripetal forces” (Bakhtin, 1934–1935/1981, p. 271), that is, of material social struggles, rather than the natural order of things.

We argue that Butler (1990, 1997) earlier works on non-heterosexual identity offer a theory which focuses one-sidedly on the heteronormative centripetal forces of discourse, forces that try to monologize the dialogism of the discursive field of life. From a dialogic perspective, however, while there are centripetal forces, there are also “centrifugal forces” (Bakhtin, 1934–1935/1981, p. 272) within a dialogic discursive field. This means that in a discursively organized heteronormative society, while intersubjective relations tend to recreate the heteronormative norm, they also inevitably create new norms and transform old ones. This can be seen in some countries since the 70′, for instance, in the creation of new meanings regarding non-heterosexuality that have slowly become accepted ideologized perspectives regarding human sexuality. This is what Butler (2001, 2005) starts recognizing in her later works. A dialogic discursive field can seem to be totally unified by heteronormative centripetal forces, however, as Bakhtin (1934–1935/1981) states, “alongside verbal-ideological centralization and unification, the uninterrupted processes of decentralization and disunification go forward (…) the centripetal forces of the life of language, embodied in a unitary language operate in the midst of heteroglossia” (p. 272).

Drawing upon a dialogic perspective, in Oneself as Another Ricoeur (1992) argues that the sameness pole of the self (idem-identity) develops processually within a discursive field constituted by an enormous number of historically contingent “preferences, evaluations, and estimations” (p. 122), that is, an enormous number of ideologized perspectives, that are created, interchanged, and stabilized through language-mediated human relations. Through a complex process of linguistic praxis with many others (and not only with the Other), these multiple ideologized perspectives are internalized by the self. It is this process of internalization – a process always inaugurated by others – that paradoxically “annuls the initial effect of otherness” (Ricoeur, 1992, p. 122), transforming the multiple ideologized perspectives encountered outside into the base semiotic (linguistic) material needed to develop what lives inside, namely, sameness (idem-identity).

From a dialogical paradigm, the possibility of encountering ideologized perspectives that despise non-heterosexual people in a heteronormative society is rather high, however, it cannot be assumed as the only possibility. This can be seen in qualitative investigations that, in recent years, have tried to counter the one-sided portrayal of non-heterosexual people as eternal victims of homophobic violence (see Hammack and Cohler, 2009; Davis, 2015; Sala and De la Mata Benítez, 2016). These investigations show an inner dialogical movement of the self in which heteronormative ideologized perspectives encounter non-heteronormative perspectives producing a sort of intrasubjective friction. Thus, we argue that the self is never totally occupied by only one ideologized perspective, not even at the level of one single internalized linguistic sign.

By interpreting Ricoeur’s (1992) work dialogically, the possibility of moving from monologism to dialogism can be found in the other pole of identity, namely, in ipse-identity. Ipse-identity is what Ricoeur (1992) calls the pole of innovations, that part of the process of becoming oneself which is always open for transformation. Ipse-identity defies the sameness of the self without destroying it, but by creatively integrating into sameness (idem-identity) new ideologized perspectives experienced by the self. How does one move from idem-identity to ipse-identity? Narrative identity is the linguistic device/action through which the sameness of the self can be creatively questioned and re-composed (p. 123). In sum, narrative identity, when understood as a linguistic creative action, has the capacity, on the one hand, to exhibit that the sameness of the self is more a contraction of many internalized ideologized perspectives rather than a solid and stable substratum, and on the other hand, to create artificially, even fictionally, new versions of sameness (see also Butler, 2001, p. 26).

From a perspective that takes seriously the pervasive destructiveness of the centripetal forces of heteronormativity, what remains a critical point in Ricoeur (1992) is that the creativity that narrative identity requires to move from monologism to dialogism is taken for granted. For Ricoeur (1992) creativity is neither problematized nor theorized. But, is this really so? Is creativity for non-heterosexual people as available as it is for people who conform the norms of heteronormativity? These are questions that will be addressed in the next section. For now, with the help of Ricoeur (1985, 1992) and Butler (1997, 2001, 2004, 2005), it is possible to re-state the first two claims made in the introductory section: non-heterosexual identity can be conceptualized as (1) part of a process situated in a context marked by monologic heteronormativity and (2) as part of a process though which new ideologized perspectives experienced and internalized by the self can be unified into sameness. Is that process a creative one? To answer this question, let us move to the next section to explore creativity and its relation to non-heterosexual identity.



CREATIVITY

For Winnicott (1971), creativity plays an essential role when it comes to the “search of the self” (p. 71). Although he did not conceptualize the relevance of dialogism in his theory, later authors have argued that Winnicott’s (1971) work on the self implies a dialogic understanding of intersubjectivity in which creativity both sociogenetically develops and is supported by others (Leiman, 1992; Priel, 1999; Virno, 2002; Glaveanu, 2010). Creativity in Winnicott’s (1971) theory of the self is essential for it to “remain true to itself” (Ruti, 2011, p. 360). Similar to Ricoeur’s (1992) conceptualization of personal identity, this true self does not imply a solid self, but rather a self in an state of creativity, of being alive, which for Winnicott (1971) is essential for the creation of a human life (and not organic life) that is worth living. But, before engaging with the relation between the self and creativity, the integration of play into his theory of the self needs to be addressed.

In Playing and Reality, Winnicott (1971) establishes that “only in playing, the child or adult is free to be creative” (p. 71). In his work more broadly, the capacity to play creatively with one’s own life, that is, to endure and embrace paradoxical self-states (see also Benjamin, 2018), is closely linked to subjective well-being and the reduction of psychological suffering. Winnicott (1971) indicates this clearly in his statement that a creative life gives the individual a sense that life is “worth living” (p. 87), and that, on the other hand, an uncreative and compliant life, experienced as “something to be fitted in” (p. 87), creates the feeling “that nothing matters and that life is not worth living” (p. 87). Furthermore, Winnicott (1971) indicates that the absence of play, which results in the absence of creativity, even makes some individuals think that “suicide is of small importance” (p. 92), because what play enhances is the capacity not only to produce creative external things but also to tolerate paradoxical and painful self-states in the “moment-by-moment living” (p. 92.) (see also Winnicott, 1959).

What is interesting in Winnicott’s (1971) work is that play in childhood, and every cultural experience in adulthood, is never an internal experience, but a liminal action that takes place first in “the overlap of two play areas” (p. 72) and later becomes internal. This resembles Ricoeur’s (1992) idea that the internalization of ideologized perspectives are first experienced in intersubjective relations, and later become the semiotic materials for creating one’s own identity (see also Billig, 1997). The relevance of this is that play, and consequently also creativity, can be seen not as a solipsistic activity but as an intersubjective experience that can only occur in, and is intrinsically dependent on, the environment in which individuals develop. Using more dialogic terminology, dependent on the semiotically organized discursive field in which play takes place (see also Leiman, 1992).

Benjamin (2018), in her feminist reading of Winnicott (1971), interprets play as an action that creates a liminal space – a ‘Third Space’– in which multiple and, at times, contradictory perspectives of reality have a place. In play, body and mind can move relatively freely between alternative perspectives of reality, without getting stuck in one perspective of it. Thus, the kind of creativity that play fosters is one that helps people to “entertain incompatible versions of what is going on” (p. 145), that is, to be able to hold paradoxical perspectives without necessarily getting rid of one or synthetizing them. However, authors such as Burack (1995) and Goldner (2003) make us aware that play is regulated by historically contingent gendered and sexualized norms. Hence, as it was argued in the preceding section, play and creativity within heteronormativity cannot be taken for granted. This will be addressed again later.

Regarding the self, Winnicott (1971) understands it as a “never-ending and essentially unsuccessful” (p. 73) process of becoming. From our interpretation of Winnicott (1971), the self is an embodied socio-psychic process of becoming that develops in specific time-spaces shared with others. This means that the self as process is constituted by a more or less unintegrated accumulation of multiple self-states, that is, of multiple perspectives of reality experienced by the self. These multiple perspectives are, first, experienced in intersubjective relations and, later, internalized. After internalization, these multiple perspectives of reality are unified, producing the provisional effect of the self as a unity.

Furthermore, intersubjective relations can be nourishing, but they can also be radically harming, constituting what Winnicott (1971) calls “pathological communities” (p. 93). In pathological communities, play as a nourishing action that fosters creativity cannot take place, which implies, following Benjamin (2018), that only one perspective of reality, that is, only one perspective of the self, can exist. This resembles Goldner’s (2003) queer-feminist reading of Winnicott (1971), which argues that a pathological community such as a heteronormative society reproduces compulsorily the monologic narrative of “two mutually exclusive sexes” (Goldner, 2003, p. 127). This implicates that non-heterosexual aspects of identity (non-heterosexual self-states), because of their incongruence with “normative femininity or masculinity, would have to be foreclosed, disavowed, displaced, disguised, projected, or otherwise evacuated” (p. 128).

In contrast to other approaches to psychological suffering, for Winnicott (1971), since the self is basically a movement between unintegration and unity, a back and forth between multiplicity and oneness, psychological suffering does not relate to the unintegrated nature of the self, but rather to the way in which the environment imposes an experience of this unintegration of multiplicity as a failure. Here, Winnicott (1971) is not arguing that psychological suffering would fade away if persons experienced themselves in a constant state of unintegration. On the contrary, Winnicott (1971) considers that a minimal state of unity of the self, that is, a minimal state of sameness, is indispensable if one is to experience life as worth living.

The paradox is that for Winnicott (1971), the state of unity required for living is not a given and remains unfinished until the end of life. This means that unity needs to be constantly maintained, and the capacity for this maintenance, which is enabled by creativity, can only be experienced in (protected) states of unintegration, that is, in play, in which the paradoxical and contradicting multiplicities of the self have the right to exist. In more dialogical words, without experiencing the dialogism of the self, the self cannot develop the necessary creativity to hold through unification its own multiplicity. This leads to a situation in which some internalized self-states are lived as not-self-states, remaining alienated/alienating.

Up to this point, it can be observed that creativity relates to the capacity of the individual to hold her own contradicting and paradoxical self-states through the creation of a provisional state of unity. However, creativity is not an individual feature, but is enabled by an environment that allows persons to experience their multiplicity as a success and not as a failure. In this regard, with Goldner (2003), it became clear that in a heteronormative society non-heterosexual people are, somehow, forced to live an uncreative life, even to the point of being pushed to evacuate their own embodied self. Does there for non-heterosexual people, then, remain any space for creativity? Are we not going back to Butler’s (1997) theory of inevitable melancholy? Here, Benjamin’s (2018) feminist re-reading of Winnicott (1971) becomes relevant.

Benjamin (2018) indicates that methodologically traditional psychoanalysis, even in the tradition of Winnicott (1971), has refused to use discursive genres other than verbal self-narratives and verbal free association. In contrast, Benjamin (2018) considers that contemporary art practices such as performance art have a lot to teach psychoanalysts, when it comes to the enhancement of creativity, specially the creativity of people whose creative potential has been limited by heteronormative relations (see also Benjamin, 1988). The specificity of performance art will be addressed in greater detail in the next section. For now, it can be said that what Benjamin (2018) sees in performance art is the possibility of opening intersubjective spaces of play beyond traditional therapeutic settings in which verbal and non-verbal aspects of the self can be explored. Furthermore, as it is well recognized by Benjamin (2018), when approaching performance art as a process of creation and not only as a product, intersubjective verbal and non-verbal patterns of discursive communication can be recreated, and new possibilities can be improvised. According to Benjamin (2018), these features of performance art need to be considered if heteronormative power relations are to be transformed at a psychological level.

The discussion on creativity led in this section gives us a good basis for exploring how a non-heterosexual self can be theorized as a possibly creative process, and non-heterosexual identity as a needed provisional unification of multiple self-states reached in that process. We say possibly creative because in a society in which monologic heteronormativity is reproduced over and over through intersubjective relations, it is highly unlikely that internalized non-heterosexual self-states can be experienced as owned-self-states or integrated into that provisional unification that is identity. Creativity as the unifying psychological function of the self depends on experiencing multiple self-states as possible versions of it. Nevertheless, in opposition to other theories of non-heterosexual identity, from a Winnicottian perspective the self is a life-long unfinished process, which is always open to transformation through the enhancement of creativity. As it was suggested by Benjamin (2018), performance art can be seen as a space of play beyond traditional therapy, in which creativity can be stimulated. To comprehend better Benjamin’s (2018) claim, let us explore performance art in greater detail.



TRANSFORMATION THROUGH ART

In this section, we will focus on moving the argument to the third claim made in the introductory section: that non-heterosexual identity can be transformed through the contemporary art practice of performance art.

Despite the importance of creativity in Winnicott’s (1971) work, he makes a clear distinction between his understandings of creativity as creative living and art as an institutionalized activity that produces final and coherent results. Since the self is thought of as a process characterized by dialogism, Winnicott’s (1971) creativity relates to the capacity to hold multiple self-states (experienced reality perspectives) on a daily basis, rather than to the capacity to produce results. Therefore, he indicates that the artists analyzed by Freud (1910/1957) are not necessarily creative, at least not under his understanding of creativity as a daily phenomenon (see Winnicott, 1971/2015, p. 93; Milner, 1987/2002, p. 201). It must be stated, however, that Winnicott’s (1971) concept of art as an institutionalized activity that only produces results is only one possible reading of art.

Winnicott’s (1971) understanding of art refers to what Rancière (2009b) calls a “representational regime of art” (p. 7). Based on a Kantian tradition, the representational regime of art is part of a philosophical movement in which art is reduced to its capacity to produce beautiful forms that can transcend the mundane aspects of social and personal life. Therefore, this philosophy of art focuses on establishing the norms that regulate what can be defined as art and the ways in which artistic products must be presented to an audience in terms of form. From such a conceptualization, the processual and non-technical aspects of art practices are not theorized.

Rancière (2009b) places in modernity a philosophical revolution within art theory that he calls the “aesthetic regime of art” (p. 46). In the aesthetic regime, the creative process of making art gains a significant place. This does not mean that the mastery of artistic techniques gets lost, but that art practices are not limited to technical acquisition. Instead, artistic creation looks for the redistribution and reorganization of a personal/social life that is embedded in an ideologized and semiotically organized discursive field. This can be clearly seen in The Aesthetic Unconscious where Rancière (2009a) indicates that what artists do is to take signifying/ideologized elements (signs) of their social and personal reality and recompose them artistically in a novel manner (see p. 34). Hence, art is not a matter of transcending the mundane, but of transforming the mundane social/personal reality that occurs while artists (and, eventually, non-artists) play creatively with formal and content aspects of their social/personal lives. Based on this conception of art, artistic production is understood as a provisional gesture of unification, which results from a creative process of play that artificially cuts out a piece of the experienced world to explore and transform it (see Rancière, 2009b, pp. 33–35).

According to Rancière (2013), among different art practices, performance art has become a particularly useful tool for playfully exploring, questioning, and transforming the self at a psychological level (see also Rancière, 2009a).

An important feature of performance art is that it tries to intentionally “suspend the normal coordinates of sensory experience” (Rancière, 2009b, p. 25) by playing with ideologized elements of social/personal reality. This means that performance art aims at questioning, through artistic means, what is regarded as normal, exposing the historical and political forces behind the normal coordinates of experienced reality. Therefore, for oppressed communities such as non-heterosexual people, performance art has proven to be a useful institutionalized activity for exploring their own oppression in terms of its causes, but also in terms of the possibilities of experiencing life beyond that oppression (see Heddon, 2006, for a discussion of the importance of performance art in the context of heteronormative oppression).

In this context, experiencing life beyond oppression means to transform the monologic experiential repertoire of life. In dialogical terms: to move from one experienced perspective of reality to multiple experienced perspectives of it. There are good theoretical reasons to think that for a person who has experienced reality too often from the perspective of a survivor of heteronormative violence, to open life to other lived experiences can be a transformational process at an individual psychological level. However, performance art does not only look for the multiplication of experience, but also for a provisional unification of the new gained perspectives of reality.

Performance art can be understood as an embodied research project, in which artists engage emotionally, cognitively, and behaviorally. In fact, according to Rancière (2009b), the specificity of performance art is that “thoughts, practices, and affects are [not] instituted and assigned a territory or a specific object” (p. 5), and instead the limits between these psychological aspects of the self become blurred. During the creative process, the embodied research project of performance art looks intentionally to gain new and multiple emotional/cognitive/behavioral perspectives of reality, for instance, by reading, discussing, enacting scenes, inquiring into one’s own biography, experiencing new emotions, etc. Furthermore, in performance art new perspectives are not experienced once, but are repetitively rehearsed and presented. This gives performance practitioners the possibility of inhabiting and internalizing those new perspectives.

However, since performance art normally finishes with a public showing, the new gained perspectives of reality are unified into a provisional performative gesture that can be shared with others. As it was suggested in the preceding sections, this unification process is crucial in terms of creativity. Multiplication of experienced perspectives just for the sake of it does not necessarily enhance creativity – what does enhance it, though, is the process of unifying all those perhaps paradoxical and contradicting perspectives of reality. In Winnicottian terms: the process of learning of how to hold multiplicity without getting lost in it. Or, as Ricoeur (1992) puts is: the process of achieving creatively “discordant concordance” (p. 141) in one’s own narrative.

In the introductory section, it was argued that non-heterosexual identity can be artificially transformed through performance art. As highlighted in this section, in performance art the non-heterosexual self can engage in an embodied research process in which the heteronormative organization of the discursive field of life is artistically/artificially suspended. During the creation process, the non-heterosexual self has the opportunity to experience repetitively reality from perspectives that were restricted before due to the heteronormative organization of the discursive field, in which the self and its identity develop (see also Billig, 1997). If, as demonstrated in the first sections, non-heterosexual identity is theorized as a provisional unification of self-sates experienced throughout the process of living in a society marked by monologic heteronormativity, there are good reasons to think that gaining new self-states, that is, new experienced perspectives of reality, can transform that provisional unification. Performance art offers a playful space in which the process of non-heterosexual identity development can be artistically/artificially unfolded so that sedimented self-states can be revisited and questioned. However, as it was seen above, the aim of performance art is not to dissolve that provisional unification, but to fabricate a new provisional unification artistically/artificially, integrating self-states that could not be integrated before.



CONCLUSION

This article aimed at theorizing non-heterosexual identity from a less monologic perspective than it is in existing literature. Preceding theorizations have argued one-sidedly that non-heterosexual identities are, somehow, destined to develop different forms of psychological suffering under heteronormative life conditions (see Butler, 1997). From this perspective, non-heterosexual identity does not need to be theorized because the problem is located only at the level of social norms. Non-heterosexual identity appears to be simply a causal effect of heteronormativity. To counter this monologic and non-agentive approach, we claimed that non-heterosexual identity would need to be theorized (1) as part of a creative process situated in a specific sociohistorical context marked by heteronormativity, (2) as part of a situated process that produces multiple effects (self-states), which are over and over unified to create an identity, and (3) as part of a situated process of creation that can be artistically/artificially transformed through performance art.

Throughout the article we discussed theories of identity/unification that support these three claims. Through a dialogic interpretation of Ricoeur, 1970, it became clear that identity is not only sameness. Identity as sameness is the narrative contraction of the dialogism of self-processes, which never ceases to be open to the dialogism of discursive life: what Ricoeur (1992) calls ipse-identity. The self as process happens within a discursive field populated by “preferences, evaluations, and estimations” (p. 122), that through internalization become the semiotic (linguistic) materials through which identity as sameness can be developed. The action of narrative identity has the capacity to open identity as sameness to identity as ipse, so that the sameness of the self can be creatively recomposed. However, with Butler (2001, 2004, 2005) it could be suggested that under heteronormative social conditions the basic requirement for the action of narrative identity, namely, creativity, cannot be taken for granted.

In the second section, with Winnicott (1971), it could be seen that heteronormativity impedes the development of creativity through preventing the full experience of non-heterosexual self-states. Creativity was conceptualized in this section as the psychological function that makes possible the provisional unification of the self, namely, identity. However, the creative potential of a non-heterosexual self can only develop if all of her self-states can be, first, fully experienced and, later, internalized, otherwise the non-heterosexual self-states cannot be appropriated as semiotic materials for new unifications of the self. From this perspective, creativity remains a potential possibility, a possibility that can be enhanced by bringing the non-heterosexual person to the creative terrain of play. At the end of this section, performance art was theorized as an institutionalized practice, in which play, and consequently creativity, can take place and identity can be transformed.

In the third section, performance art was theorized as a transformative practice beyond traditional therapy, in which non-heterosexual people can fully experience self-states that are normally prohibited under heteronormative life conditions. This can be done because the creative process of performance art can artistically/artificially suspend the normal coordinates of social and personal life, allowing the non-heterosexual person to experience reality playfully from new and different perspectives. Through rehearsals and repetitions, these new perspectives can become internalized semiotic materials with which the non-heterosexual person can start playing, so that she tries out different provisional unifications of herself.

To theorize non-heterosexual identity as the unification of multiple self-states that happens and never ceases to happen in the context of a dialogic process that we call the self, allows us to suggest that the emergence of forms psychological suffering is a possibility but not a destiny. From a dialogic perspective of non-heterosexual identity, it can be theorized that while a non-heterosexual person experiences the prohibition of her non-heterosexual self-states, she is, at least potentially, open to fully experiencing, inhabiting, and internalizing these self-states. As it was indicated in the first section, despite the strength of the centripetal forces of heteronormativity, life always unfolds in the midst of heteroglossia. This means that identarian monologism can be overcome by moving the non-heterosexual person from monologism to dialogism, so that she can start experiencing life from multiple perspectives beyond hegemonic heteronormativity. Hence, dialogically speaking, melancholy and other forms of psychological suffering are possible self-states, but not the only ones.

Our proposal tries to counter theories which conceptualize non-heterosexual identity as monologic. However, our theoretical account presents some limitations. Although we want to overcome monologism within non-heterosexual identity theorizing by showing that non-heterosexual identity is not condemned to be constituted by only one self-state, we recognize that the available empirical evidence tends to undermine our theory. This could be due to the tendency of empirical research to intentionally look for the negative effects of heteronormativity on non-heterosexual identities. While this has been valuable politically, it also serves to erase resilience and resistance strategies, which are not only present on an unconscious and individual level, but are collective, material practices which need to be acknowledged, researched, and resourced. This could be particularly productive in more deprived contexts outside the Global North in which practices such as individual therapy is not within everybody’s reach, and also in radically homophobic contexts in which the possibility of identifying openly as non-heterosexual is not a real option.
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Criticisms of the “container” model of pregnancy picturing female and embryo as separate entities multiply in various philosophical and scientific contexts during the last decades. In this paper, we examine how this model underlies received views of pregnancy in evolutionary biology, in the characterization of the transition from oviparity to viviparity in mammals and in the selectionist explanations of pregnancy as an evolutionary strategy. In contrast, recent evo-devo studies on eutherian reproduction, including the role of inflammation and new maternal cell types, gather evidence in favor of considering pregnancy as an evolved relational novelty. Our thesis is that from this perspective we can identify the emergence of a new historical individual in evolution. In evo-devo, historical units are conceptualized as evolved entities which fulfill two main criteria, their continuous persistence and their non-exchangeability. As pregnancy can be individuated in this way, we contend that pregnant females are historical individuals. We argue that historical individuality differs from, and coexists with, other views of biological individuality as applied to pregnancy (the physiological, the evolutionary and the ecological one), but brings forward an important new insight which might help dissolve misguided conceptions.

Keywords: evo-devo, individuality, pregnancy, reproduction, historical kinds, novelty


INTRODUCTION

The individuality of pregnancy constitutes an intriguing philosophical problem concerning the kind and number of biological individuals and the process of individuation involved. Kingma’s (2018, 2019a) metaphysical work has been pivotal for the recent philosophical reintroduction of the topic of pregnancy. Focusing on parthood relations, Kingma confronts the received view of pregnancy, where females are conceptualized as “containers” of their offspring,1 and argues that embryos are instead a part of a larger whole that she calls “the gravida.”

Earlier philosophical reflections on pregnancy had already criticized the container model as a view deeply entrenched both in biomedical care and everyday life, and emphasized the importance of examining the special nature of the relations between females and embryos. For instance, Young (1990) observed that pregnancy deserves phenomenological attention because it constitutes a unique way of being an individual, one involving an inner relation with another being, which is partly identical and partly extraneous to the pregnant subject. Similarly, Howes (2008) elaborated on the topic of pregnancy from an immunological perspective, and considered that both the classical container model and the understanding of the embryo as a part of “the mother’s flesh” fail to acknowledge the importance of the dynamic material relations between females and embryos.

As the aforementioned philosophers suggest, the prevalent biomedical conceptions of pregnancy, characterized by a consideration of female and embryo as separate biological entities, need to be reexamined. Just like insect colonies, symbiotic organisms, or the Portuguese Man-O-War, pregnancy challenges in its own way the commonsense delineation of biological entities as distinct, self-enclosed, and independent individuals. However, the problem of the individuality of pregnancy has received scarce attention within the philosophical community discussing biological individuality (but see Kingma, 2019b). The perspective we adopt in this article pays attention to recent work on the evolution of reproduction, in particular relevant evolutionary developmental biology (evo-devo) on pregnancy, to examine the philosophical question of the kind and number of individuals involved.

The field of evolution is certainly overrepresented in philosophical debates on biological individuality (Pradeu, 2016a). However, the implications of evo-devo studies for the individuation of living entities are often ignored. Even those critical of the sufficiency of evolutionary notions of individuality still tend to associate evolution with selection. In contrast with this trend, we show that extant notions of individuality do not faithfully grasp the unique biological features of pregnancy as they are highlighted in our evolutionary account, and that new criteria for historical individuation used in evo-devo render significant new insights on biological individuality.

The structure of our argument will be as follows. First, we reconstruct two main assumptions underlying the established account of pregnancy in evolutionary biology. Then, we present new studies on the evo-devo of pregnancy that show that the received understanding of reproductive modes as strategies for maximizing fitness does not suffice to explain eutherian pregnancy, insofar as it fails to consider the relational properties of reproduction and their material evolution. Thereupon, we elaborate an alternative account based on the hypothesis that pregnancy is an evolved relational novelty that gives rise to a new kind of historical individual. In the last section, we discuss how this notion differs from, but may also coexist with, other concepts of biological individuality.



RECEIVED VIEWS ON THE EVOLUTION OF PREGNANCY

In this section, we provide a concise overview of the narratives that underlie classical views on pregnancy in evolutionary biology.2 These views have long-reaching consequences for the conceptualization of the individuals involved in pregnancy, some of which we review in this section, focusing on two main threads, namely: the emphasis on an evolutionary continuity between oviparity and viviparity, and the explanation of pregnancy as an evolutionary strategy for maximizing fitness.

Firstly, the literature on the evolution of pregnancy emphasizes a form of evolutionary continuity from oviparity to viviparity, in which the functions of protecting and nourishing the embryo that are fulfilled by special structures in oviparous animals (e.g., the egg shell and yolk) are transferred to the physiology of the pregnant female in viviparous animals. Accordingly, continuity is pictured as an evolutionary process of spatial internalization (Rosslenbroich, 2014). In the context of provisioning, pregnancy is regarded as a switch in patterns of embryo nutrition, from retrieving the nutrients for development from the yolk to extracting them directly from the mother via the placenta.3

Central to this narrative is the way in which the placenta, an organ of embryonic origin, has attracted enormous attention in studies of pregnancy as being the site of materialization of mother-fetus communication.

The easy accessibility of embryonal placental (in contrast to maternal uterine) tissue has likely played a major role in biasing the attention towards this organ, rather than to the uterus, as reflected by the number of scientific associations dedicated to placental research, or by the fact that there is a prominent journal devoted to it. Two major (recently revised) assumptions in evolutionary biology have further contributed to the centrality of the placenta in the conceptualization of pregnancy. One of them is the identification of the evolution of mammals with that of the placenta. In fact, the naming of Eutheria as “placental mammals” not only gives the wrong impression that the placenta is unique to eutherians, when also marsupials have one (Renfree, 2010). It also suggests that the placenta is the key innovation in the evolution of eutherian pregnancy. Altogether they seem to contend that the major evolutionary changes towards viviparity occurred solely on the embryonic side. The other assumption concerns the view that “invasive placentation” has deepened in evolution. There is a great diversity of placental types among eutherian species, with different degrees of penetration into the uterine wall; from superficial placentas, where several maternal and fetal tissue layers separate the maternal and fetal blood, to highly imbricated forms of placentation (so-called hemochorial) where fetal tissues are exposed directly to maternal blood. Since Haeckel’s times until very recently, the belief in evolutionary biology has been that early eutherian species had superficial placentas, and that “invasive placentation” is the most derived form of female-embryo interaction (see Wildman et al., 2006, for references).

Viviparity or live-bearing reproduction is a widespread reproductive mode that has arisen independently in many lineages of invertebrate as well as vertebrate animals (Wake, 2004), the latter including not only most mammals but also several clades of fishes, amphibians, and reptiles. Yet, despite a clearly eutherian-dominated view of viviparity that underestimates other forms of viviparity (Blackburn, 2015), we believe that the emphasis on the continuity between oviparity and viviparity in mammals has contributed to blurring some of the special characteristics of eutherian pregnancy. The perception of pregnancy as derived from oviparity by a simple spatial internalization followed by the gradual evolution of invasive placentation, supports an interpretation of eutherian reproduction as a mere superimposition of the embryo’s physiology on the maternal physiology, and contributes to the treatment of mother and embryo as semi-independent entities (Abbot and Rokas, 2017), and particularly to that of the pregnant female as a container to which the embryo is merely attached for nutrition.

This narrative about the phylogeny of pregnancy sets the ground for the second major component of classical evolutionary narratives of eutherian reproduction, namely the view of pregnancy as an evolutionary strategy involving costs and benefits for parents and offspring. In this frame, the explanation of the transition from oviparity to viviparity in mammals weighs the fitness costs and benefits of this transition for the female and her offspring, treating them as different units of selection (see Crespi and Semeniuk, 2004; Bainbridge, 2014, for reviews). In general, the internalization of development provided by viviparity is suggested to have major advantages for the offspring (such as increased survivorship by avoiding the vulnerable egg stage, increased birth size, and offspring vigor due to prolonged maternal provisioning), while entailing a mixture of advantages and costs for females. Advantages include greater mobility and smaller eggs, which are less costly to discard when unfertilized. The costs range from reduced foraging ability and higher susceptibility to predation during pregnancy, total brood loss upon death, higher energetic costs, lower fecundity, and lesser ability to interrupt the reproductive process and discard the offspring when conditions change abruptly. In sum, one should not consider that viviparity constitutes a good solution for both mothers and offspring in evolutionary adaptive terms (Avise, 2013).

The non-optimality of the “pregnancy solution” is explicit in a well-known hypothesis on the evolution of pregnancy, the so-called “conflict hypothesis”, which confronts the view of pregnancy as a “cooperative interaction between a mother and her fetus” and points instead to the potential for conflicting “interests” between maternal and fetal genes (Haig, 1993, p. 495; see also Haig, 1996). As a consequence, the genetic interests of mothers and embryos, understood as different individuals, are not perfectly aligned. The reasoning for this comes from Hamilton’s concept of inclusive fitness, following which the calculation of the fitness of an individual is obtained by adding the fitness contribution of relatives, weighed by the relatedness, to the direct effects on fitness. Given that mothers are likely to be more related to their further offspring than the current embryo (as current and future offspring may have different fathers), maternal investment in current pregnancy is expected to be lower than the embryo’s. According to David Haig, embryonic genes will thus be selected for gaining more nutrients from the mother, whereas maternal genes will be selected to limit that transfer. The strongest evidence in favor of genetic conflict are imprinted genes (i.e., those in which expression of alleles depends on the parent-of-origin) in the placenta. The hypothesis predicts that paternal alleles will follow the interests of the embryo, and increase maternal investment and/or prolong pregnancy, whereas the effects of maternal alleles will align with maternal interests and reduce investment. From this perspective, “the parent-offspring conflict over the degree of parental investment” is widely seen as “the main selective factor in the evolution of reproduction” (Lodé, 2012, p. 259).

All in all, the evolutionary view of pregnancy as a locus of conflict where the embryo attempts to “manipulate” the mother (see Crespi and Semeniuk, 2004) conforms with traditional approaches to the physiology of pregnancy. Biological and biomedical accounts of pregnancy often present it as a conflictual relationship between two independent entities, a “battle,” or a “combat” (Ashary et al., 2018) where the embryo uses “a variety of coercive tactics” (Ashary et al., 2018) to “manipulate” (Crespi and Semeniuk, 2004) and “invade” the mother. As a consequence, the role of the mother is often still presented as a passive or defensive one, as reflected in the biomedical depictions of the immune reaction of pregnant females upon implantation (Mor, 2007). Immune response in pregnant females would be expected for two reasons: first, because the embryo breaches physical tissue integrity during implantation, and second, because this wounding is caused by a tissue which is immunologically different from the female. However, as there is no maternal rejection of the embryo, traditional approaches have aimed to understand how the expected maternal immune reaction to implantation is “suppressed” by the fetus, for example via the manipulation of progesterone production, thus leading to an “immunological indolence or inertness of the mother” (Medawar, 1953; see Stadtmauer and Wagner, 2020a,b and references therein).

The explanations of pregnancy as an evolutionary strategy involving costs and benefits for parents and offspring, in continuous conflict over provisioning, and in which the female is manipulated by the embryo against her interests, reinforce the view of pregnancy as involving two separate individuals following their own interests, rather than as a reproductive process promoting constructive relations between mother and offspring. Nonetheless, this view of pregnancy as a conflict is not the only possible view of pregnancy as an evolutionary strategy. Indeed, recent models have proposed that co-adaptation (rather than conflict) between genes expressed in mother and those expressed in offspring has played a major role in the evolution of pregnancy and may offer a complementary explanation for imprinted genes (Wolf and Hager, 2006). While the treatment of maternal and offspring fitness interests in conflict theories conceives them as having separate interests, the coadaptation models assign a fitness advantage to the interaction itself, namely, to pregnancy. Interestingly, in these models the fitness interests of mothers and embryos are not only aligned, but are interdependent, i.e., fitness advantages to the mother depend on the co-evolutionary change in the fetus.

In sum, eutherian pregnancy has been studied from the perspective of there being two separate individuals, each with their own interests in evolution. As we argue in the following section, evo-devo studies of pregnancy support an alternative perspective which, instead of assuming that the results of reproduction (i.e., separate individuals) already operate in pregnancy, claims for an alternative individuation of pregnancy as the locus of developmental reproduction. In the context of the evolution of eutherian reproduction, this new kind of reproductive system constitutes what we will call a historical individual. From this perspective, it will be shown that the conflict models picturing mothers and embryos as distinct evolutionary individuals offer a partial account of the individuality of pregnancy, not only from the perspective of “proximate” disciplines such as physiology or developmental biology, but also from an evolutionary standpoint.



EVO-DEVO OF PREGNANCY

The way reproduction is considered in the neo-Darwinian tradition is the consequence of a long historical trajectory of work reinforcing the view that the transmission of heritable variation occurs independently of, and previously to, development. As a consequence, reproduction has been considered to consist mainly of the problem of replication, often reduced to a formal process of copy-making or a mere transmission of information (Dawkins, 1982). However, in the last decades, philosophers and evolutionary biologists have denounced that reproduction is a lot more complex than replication, as it entails the material transfer of parts from parents to offspring (Maturana and Varela, 1987; Griesemer, 2000a, 2005), as well as the reconstruction, rather than the mere transmission, of phenotypes (Jablonka, 2004; Gilbert and Epel, 2008).4 Therefore, reproduction and development cannot be distinguished so easily, insofar as the re-production of organisms is regarded as a material, organizational and developmental process, involving both the transfer of parts and the interplay of a pleiad of biotic and abiotic factors which, in the case of pregnancy, include the active role of females in the developmental reproduction of their offspring. In this sense, our view of reproduction follows many important philosophical discussions that have emphasized the importance of a developmentally minded and diachronically constructive view of ontogeny (Oyama, 2000), as well as the active role of organisms as adaptive agents in evolution (Walsh, 2015).

Despite the theoretical pleas for considering the materiality of reproduction, the evolution of modes of reproduction has remained largely unexplored so far. As Fusco and Minelli (2019) have recently denounced, “generalizations of the phenomenon of reproduction” may “have hidden the diversity of reproductive phenomena frequently found even among closely related taxa” (p. xiii). One further influencing factor for this may be that the field of evo-devo has tended to focus on the evolution of body parts rather than on the evolution of relations among organismal entities or of new kinds of biological individualities. Yet, in the last decade, studies on the “evo-devo of reproduction” have started to revert this trend. Under this perspective, modes of reproduction are not only regarded as different strategies for maximizing fitness, but also as material developmental processes involving the transformation of complex relations among organismal entities. In the remainder of this section, we present some results of recent evo-devo studies of eutherian reproduction and show how they support a conception of pregnancy that, in attributing a central importance to the evolved active maternal role and the relational novelties of pregnancy, significantly differs from the one presented in the previous section.

Recent studies emphasize that the evolution of pregnancy involved crucial innovations on the female side as a form of evolutionary reaccommodation (Stadtmauer and Wagner, 2020b). The origin of a new kind of integration between mother and embryo entailed an integral rearrangement of the interactions among the main physiological systems of the female, namely the nervous system (brain and neuroendocrine changes), the cardiovascular system (increased blood volume, decrease in hemoglobin concentration, and increased coagulation), the locomotor system (skeletomuscular changes in backbone, pelvis, and gait), and the immune and metabolic control systems (e.g., protein metabolism, and kidney capacity), to name a few (Bainbridge, 2014). All those re-accommodations involve a coevolution of extensive interdependencies between mother and offspring, both sides thus forming an evolving relational unit (e.g., Knoefler, 2010; Erlebacher, 2013; Moffet and Colucci, 2014; Pavličev et al., 2017). As we highlighted in the previous section, previous studies have abundantly focused on the evolution of the placenta. In contrast, evo-devo studies reveal that the origin of eutherian pregnancy involved crucial relational innovations on both the embryo and the maternal side. This research also counteracts the received views of pregnancy as a superficial kind of internalization in which the mother signifies a form of a living shelter for the embryo.

On the embryo side, while the placenta has originated multiple times in evolution (Renfree, 2010; Roberts et al., 2016), the kind of placentation originating in the stem lineage of Eutheria is unique, in particular with regard to the degree of maternal-fetal integration it confers (Wildman et al., 2006). Eutherian placentation breaches maternal integrity and is associated with implantation. In stark contrast to non-mammalian viviparous animals in which the placenta is only apposed to the uterine epithelium, the maternal-placental interface of eutherian mammals erodes the uterine epithelium or even the maternal vessel walls. As we saw in the previous section, the received assumption on the evolution of the placenta was that invasive placentation evolved from superficial placentas with a shallow contact between the maternal and the embryonic tissues. In contrast, phylogenetic analyses have recently shown that the invasive placental type was indeed the ancestral state of all eutherians, indicating that eutherian pregnancy arose concomitantly with the origin of a highly entangled maternal-fetal interface (Mess and Carter, 2006; Wildman et al., 2006).

On the maternal side, recent research has revealed that new specialized cell types, such as the decidual stromal cell, the uterine natural killer cell, and a specialized form of resident macrophages, evolved likely coincidentally with the evolution of pregnancy (Wagner et al., 2014; Erkenbrack et al., 2018). Particularly interesting is the decidual stromal cell type, which evolved together with invasive placentation (Chavan et al., 2016; Erkenbrack et al., 2018). These maternal novelties likely enabled sustained implantation and therefore the evolution of the first step towards eutherian pregnancy. Just like in the case of the placenta, the novelty of the uterine cells relies not only on their inherent characteristics, but on their relational abilities, that is, on their capacities to communicate with other (in this case, genetically heterogeneous) cells (see Griffith and Wagner, 2017). Indeed, impaired decidualization of endometrium has been shown to interfere with embryo-maternal interactions in humans, thus causing recurrent pregnancy loss (Salker et al., 2010).

Crucial to this new understanding of the relational novelties emerging in eutherian reproduction have been the studies on the role of inflammation in the origination and prolongation of pregnancy. Pregnancy has been traditionally described by reproductive biologists as a period between two discrete events, implantation and birth, both of which have been shown to entail inflammation (Mor, 2007; Mor and Cardenas, 2010; Mor et al., 2011). Whereas in marsupials the inflammation caused by the first contact of the fertilized egg is followed by expulsion (birth), and thus the period of pregnancy is very short, in eutherian mammals inflammation is a required step for successful implantation and does not result in immediate birth. In eutherian pregnancy, the inflammatory response is thus modified by the maternal decidual cells to separate inflammatory implantation from expulsion (Chavan et al., 2016; Griffith et al., 2017). Thus, the maternal immune system is not simply suppressed. Rather, the evolution of decidual cells enabled its temporally and spatially local modification, making implantation possible (Mor and Cardenas, 2010; Mor et al., 2017)5 and subsequently expanding pregnancy and maintaining an alternative stable homeostatic state. This sequence of events in eutherians evolved after the last common ancestor with marsupials, who do not have decidual cells and react to attachment with expulsion. The eutherian novelty hence consists of the novel cell type enabling a prolonged intrauterine developmental stage to be “inserted” between two inflammatory events, namely implantation and birth (Griffith et al., 2017; Erkenbrack et al., 2018; see Figure 1).
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FIGURE 1. Viviparity is a shared derived trait of marsupials and eutherians. Embryo implantation, invasive placentation, and decidual stromal cells (DSC) occur only in the eutherian lineage [Adapted from Wagner et al. (2019), Figure 1, p. 2].


In the next section, we present our main claim that the evolutionary modifications that led to the origination of pregnancy (female integral reaccomodation, emergence of a new type of placentation and uterine cell type, and modification and repurposing of inflammation) may be interpreted as a transition in individuality in which two individual processes, the adult female and the developing embryo, are merged into a single reproductive individual of a historical kind.



PREGNANT FEMALES AS HISTORICAL INDIVIDUALS

The features of the evolution of eutherian reproduction as reviewed in the previous section prompt us to propose that pregnant females constitute a new kind of individual appearing in evolution. In this section, we examine some of these features in the light of conceptual work on historical kinds developed in the field of evo-devo, and argue that pregnant females can be considered to be biological individuals of this historical kind. The notion of historical kind has been characterized as including “a subset of natural kinds that acquires, through evolutionary processes, a quasi independent lineage-history” (Wagner and Tomlinson, 2020, p. 1). Historical kinds “have a definite beginning and potentially an end” (Wagner, 2001, p. 10) and, therefore, allow to combine in the same concept, as two sides of the same coin, the evolutionary origination of new processes, structures and functions, and their historical persistence throughout evolutionary time.

Understanding individuality as a historical kind encompasses a set of criteria for individuation of evolutionary entities used in the context of evo-devo. The criteria used in this field to track the historical emergence and persistence of entities such as homologues and body plans, differ from the traditional criteria for evolutionary individuation, and enable evo-devo biologists to individuate evolutionary units in distinct ways. Evolutionary entities in evo-devo have been mainly conceptualized as types or natural kinds (see Wagner, 1996; Brigandt, 2017, for a review), and here we propose to extend this view to kinds of individuals. While this perspective has classically been applied to the individuation of body parts, such as vertebrate limbs or cell types, it has also been extended to include developmental stages (e.g., larval vs. adult stage), physiological processes (e.g., menstruation or ovulation), or functions (e.g., behaviors; see, e.g., Gilbert and Bolker, 2001; Scholtz, 2005; Love, 2007). We argue that the criteria for historical individuation can be further applied to entities arising in reproductive relations, and enable a view of the pregnant female as a new kind of individual, namely a historically new, semi-independently modifiable developmental stage in the life cycle of (some) eutherian females, with continuous persistence since its origination.


Criteria for Historical Kinds

Historical units are evolved entities or processes which fulfill certain criteria that allow us to recognize them as distinct, namely, their continuous persistence across taxa and throughout evolutionary time, and their non-exchangeability with other such units. As we will see, pregnancy can be inviduated in this way because it fulfills these two criteria.

The first criterion to track historical individuals, persistence, does not derive from the direct replication of an entity (such as a limb or a cell), but rather from those developmental processes that account for the historical continuity of an entity within and across species. As a consequence of their developmental autonomy, these entities can change or remain stable throughout evolution somewhat independently from others (Wagner and Altenberg, 1996). The classical example is the vertebrate limb, which adopts different shapes and sizes across vertebrates, adapted to different functions, but it yet persists as a distinct, developmentally grounded, historical kind.

The pregnant female as a historical individual evokes an evolutionarily persistent entity in which female and embryo are developmentally entangled. This is manifest in the form of a transient, but temporally demarcated, individuality characterized by a high degree of integration between female and embryo. As argued in the previous section, the origination of pregnancy entailed a major modification of the relational abilities of mammalian females, one that allowed pregnant females to internalize embryos as parts of a new reproductive system. The inflammatory events following implantation and preceding birth individuate pregnancy in time: both the onset and finalization of pregnancy are coordinated relational events between mother and embryo, rather than occurring when the embryo one-sidedly reaches certain stages of development or maturation. In this frame, reproduction is thus treated less as a point event in the lifetime marked by fertilization, and more as being itself a developmental process. This diachronic view of historical individuality as applied to the reproductive phase of pregnancy aligns, as suggested to us by an anonymous reviewer, with recent work on the biology of reproduction (Fusco and Minelli, 2019), where biological individuality is drafted within the framework of life cycle evolution (DiFrisco and Mossio, 2021).

Moreover, the persistence and distinctiveness of historical individuals are not only reflected in their evolutionary continuity but also in their distinctive ability to evolve. Therefore, as a consequence of individuation, eutherian pregnancy obtains a certain degree of evolvability on its own, insofar as it inaugurates new ways of generating variation and therefore new potential to evolve. The relative ability of the pregnant female to evolve as a unit is reflected, for example, in the variability of eutherian species in the length of gestation, or in the characteristic diversification of the maternal-placental interface (Carter and Enders, 2004).

The second criterion for historical individuality, non-exchangeability, captures the idea that the evolutionary autonomy of a new historical entity does not result from the disconnection of this entity from others, but rather from an evolutionary process of compensation and accommodation of developmental and physiological interdependencies within the organization of a body plan, thus resulting in a new kind of evolved integration. For example, if vertebrate hind limbs can be individuated as historical individuals it is not only because they change independently of forelimbs (and of everything else), but because they are non-exchangeable. The reason is that, although they develop using some of the same genes and developmental pathways, hindlimbs are different (and evolve differently) from forelimbs also due to their integration in the distal part of the vertebrate body. In contrast, human hairs cannot be considered as historical individuals: while they are physically independent entities, they are “exchangeable” in the sense that the identity of each hair does not depend on their particular location in the skin. The distinctiveness of historical kinds is thus based both in their evolutionary autonomy and in their evolved integration within the system they belong to.

From this perspective, the mode of evolution instantiated by the integral reaccommodation of all the physiological systems that make up eutherian reproduction (including the embryo) is not surprising. Evolution is a process in which new traits and relations emerge not by mere addition of new developmental stages or structures on top of the preexisting, conserved ones, but by the recruitment, modification and integration of the old into a new context (Alberch, 1985). Classic models in vertebrate evo-devo include studies on the origin and evolution of pharyngeal jaws, which involved the integration of changes in the visual, neural, skeletal, muscular, and behavioral systems. In the words of Brian Hall, “[s]uch studies move us away from identification of single key innovations and toward an emphasis on integrated changes and ontogenetic repatteming in interrelated systems” (Hall, 1998, p. 282). As we saw in the previous section, the novelty of pregnancy not only entailed the emergence of new relational structures, processes, and functions, but also the modification of a range of pre-existing physiological self-maintaining systems to support a distinctly new homeostatic state that incorporates the implanted embryo (Pavličev et al., 2017). Therefore, the individuation of pregnancy does not occur by decoupling pregnancy from the rest of female biology, but rather by the unique modifications of female physiology (i.e., capacity for changes in immune, metabolic, and locomotory systems) that enable pregnancy and hence integrate it with other developmental stages in its life cycle. This integration includes the accommodation of the embryo, as reflected in the evolution of the female immune system. In general, two evolutionary “solutions” to a conflicting situation (such as that triggered by the disruption of tissue integrity caused by embryo implantation) could be considered. One might consist of removing the origin of the conflict entirely, and the other of integrating and modifying it.6 In contrast with the received understanding of pregnancy as an ongoing conflict, evo-devo studies of the origin of pregnancy suggest that implantation leads to a critical disruption of physiological homeostasis (Erkenbrack et al., 2018), followed by its overcoming, which results in a novel homeostatic state defined at the relational level. It is this new function and the associated developmental and physiological processes that evo-devo studies of eutherian reproduction aim at explaining.



The Origin of Pregnant Females as Historical Individuals

In contrast with the most prominent work from the neo-Darwinian perspective on pregnancy, evo-devo studies of eutherian reproduction concern the evolutionary origination, rather than the modification, of pregnancy. In this section, we argue that the kind of transformations involved in this transition is not simply assimilable to an evolutionary novelty with an associated new function, as in the origin of characters such as feathers or paired fins. Rather, the origin of pregnancy has meaningful correspondences with major transitions such as the origin of eukaryotic cells or multicellulars, which often entail new modes of reproduction (Griesemer, 2000b) and the emergence of new levels of evolutionary individuality (Buss, 1987; Michod, 2000).

On a first glance, the case of pregnancy does not seem to fit in the standard view of major transitions (Maynard Smith and Szathmary, 1997): unlike eukaryotic cells or multicellular organisms, pregnant females certainly do not reproduce directly into pregnant females. However, the systemic transformations and the radical changes in reproductive capacities experienced by eutherian females indicate that the origin of pregnancy had further evolutionary implications than that of a new reproductive character. In particular, the origin of eutherian reproduction did entail that “entities that were capable of independent reproduction before the transition, can reproduce only as parts of a larger whole after it” (Griesemer, 2000b, p. 79). In this sense, the transition to pregnancy might be considered as analogous to the transition to the eukaryotic cell, described by Godfrey-Smith (2015, p. 10123) as the event in which “two simple reproducers give rise to collective reproduction, followed by a loss of reproductive autonomy and the endosymbiont moving towards scaffolded reproduction.” In an analogous way, eutherian pregnancy entailed a loss of reproductive autonomy at the level of the egg, but a gain of reproductive capacity at the new individual level constituted by the pregnant female. In this sense, pregnancy can be considered as a last of the successive evolutionary stages of female integration of reproduction: from releasing an unfertilized egg to be fertilized and developed externally, to internal fertilization followed by a largely external development (i.e., oviparity), to metatherian viviparity, in which case both fertilization as well as great part of development are incorporated within the female’s body. This integration importantly varies in extent and time: in some mammalian species, development has evolved to become integrated with reproduction until a certain stage (marsupials, those with an extremely short gestation period), while the extension of pregnancy has allowed eutherians to integrate development and reproduction until a much later stage. In eutherians, development and reproduction have become highly integrated processes, insofar as the reproducing individual (the pregnant female) needs to participate in the development of its offspring to achieve its own reproduction. To sum up: pregnant females form unique individuals, relating two developmental processes at different stages of their life histories. They are reproductive, relational, and transient individuals, although, like most biological individuals, they have a beginning and an end: they are born at implantation and end at birth.

In philosophical terms, the concept of historical individual as applied to pregnant females delivers a new insight to the notion of biological individual, one which is distinctly evolutionary and which differs from the conflict models. As pointed out in the introduction, philosophical debates on biological individuality have too often been posed in evolutionary terms to the detriment of other biological fields (Pradeu, 2016a, p. 765). However, it is important to stress that the implications for individuality of non-selectionist, developmental approaches to evolution have been also neglected. The thesis that pregnant females are historical novel individuals relies on an evolutionary stance, yet it is a very different one with regard to previous selectionist accounts. In the following section, the main concepts of individuality discussed in the philosophy of biology are reviewed and compared according to their adequacy to account for pregnancy in contrast to the historical notion advanced here.




PREGNANCY AND BIOLOGICAL INDIVIDUALITY

The nature of biological individuality has been a topic of intense inquiry in the philosophy of biology of the last decade (Ruiz-Mirazo et al., 2000; Clarke, 2010; Pradeu, 2016a; DiFrisco, 2019), where received assumptions have been revised to respond to new challenges coming from entities that do not conform to traditional concepts of individuals considered as homogeneous, unique and functionally integrated entities (Santelices, 1999). Insofar as reproduction is generally regarded as the process by which new individuals are generated, the notion of individuality plays an inevitable central role in studies on reproduction (Fusco and Minelli, 2019, p. 25). However, despite this apparent centrality of individuality in reproduction, pregnancy has not received much attention in the context of this debate. Recently, Kingma (2019b) has tentatively discussed how some criteria for biological individuality (taken from Clarke, 2010) may apply to the entities involved in mammalian pregnancy. Kingma does not defend these criteria or their application, but poses “[t]he merit of the exercise in raising the question.” In contrast, in this paper, we do take a stance for a given understanding of biological individuality in the case of pregnancy. In this section, we contrast our proposal of pregnancy as a historical kind of individual with the three core concepts of biological individuality currently discussed in the philosophy of biology, namely the physiological, the evolutionary, and the ecological approaches, and consider their merits and shortcomings as applied to the individuality of eutherian pregnancy (see Table 1).



TABLE 1. Comparative table of concepts of biological individuality and how they apply to pregnancy.
[image: Table1]


Physiological Individuality

The physiological notion of individuality captures the most intuitive view of biological individuals as autonomous, functionally integrated, and self-maintaining systems, separated from their environments. It underlies the classical views of “organisms” developed by the physiological tradition in biomedicine (e.g., Perlman, 2000), as well as the organizational approach in contemporary philosophy of biology (Ruiz-Mirazo et al., 2000; Moreno and Mossio, 2015). Criteria for physiological individuation comprehend how different functionalities contribute to self-maintenance. More recently, they have been expanded to include how immune mechanisms enable the delineation and persistence of physiological individuals (Pradeu, 2010, 2016b).

From the physiological perspective that guides biomedical and bioethical approaches to human pregnancy, it is generally considered that pregnancy encompasses two separate organisms, namely, the mother and the embryo. While the status of mothers as physiological individuals is generally seen as trivially uncontroversial, there is no consensus concerning the stage at which embryos begin to have a separate individual existence in development. Different developmental events have been proposed to mark the transition to physiological individuality in human embryos, including fertilization (Damschen et al., 2006), implantation (Alvargonzález, 2016), gastrulation (Smith and Brogaard, 2003), or completion of organogenesis (Nuño de la Rosa, 2010). In contrast, recent contributions have challenged the assumption that females preserve a physiological individuality independent of their offspring during pregnancy. As mentioned before, Howes (2008) concluded that immune interactions blur the traditional boundaries assumed between mother and offspring, and offered a third relational, “not-one-but-not-two,” alternative emphasizing the dynamic physical interactions between female and embryo. More recently, Kingma (2018, 2019b) has argued that, until birth, fetuses do not fulfill the traditional criteria for biological individuality, such as being bounded by topological frontiers or delineated by physiological or immunological mechanisms. Instead, she suggests that it is pregnant females, inclusive of their fetuses, that should be considered as individuals, although she admits her position to be compatible with the possibility that fetuses are also individuals.

Kingma’s mereological approach to the metaphysical status of pregnancy illustrates a general trend in debates on “organismality”, which, in focusing on criteria for delineating the spatial identity of organisms (i.e., “which sorts of parts should be included within the spatial boundaries of individuals”), have tended to neglect the problem of the diachronic identity of organisms (i.e., “which sorts of events should be included within the temporal boundaries of a life”; DiFrisco and Mossio, 2021, p. 177). In contrast, the inflammatory events associated with implantation and birth provide diachronic criteria for the individuation of pregnancy, which, in turn, can be characterized by the specific series of developmental events constituting this developmental stage.

In this sense, pregnant females might not be best viewed as being themselves organisms, but rather as developmental stages in the life cycle of certain (eutherian) organisms. After all, life cycles of most plant and animal groups involve dramatic developmental transformations and varied reproductive phases (Fusco and Minelli, 2019). Just like metamorphosis, pregnancy might be considered as a new organizational form associated with a new developmental stage, rather than as a new individual. However, we believe that the spatio-temporal criteria for physiological individuality do not exhaust the kind of individuality that pregnancy brings about. Besides that, pregnancy needs to be recognized as a reproductive individuality which is irreducible to that of developmental or physiological individuality. Unlike the physiological systems participating in organismic maintenance (such as the digestive, circulatory or respiratory systems), reproductive functionalities are not just contributions to the self- or the scaffolded homeostasis of individual organisms, but to a different type of homeostasis, namely the maintenance of pregnancy as a relational process that might involve different physiological individuals (Pavličev et al., 2017; Stadtmauer and Wagner, 2020a,b). As a consequence, physiological and reproductive criteria of individuality do not necessarily render the same entities, although they might overlap at certain stages of the life cycle. Thus, embryos might be considered to be physiologically individuated before birth, but to belong to the reproductive system until birth. In this sense, even if birth is seen as an arbitrary event from the perspective of the physiological individuality of embryos, it sets a temporal limit to reproductive individuality, insofar as it breaks the relation inaugurated by implantation and entails an integral reaccomodation of both the female and the embryo physiologies.7 It is this new kind of reproductive individual, we claim, that is individuated in evolution, giving rise to a novel historical individual which includes the whole lineage of eutherian pregnant females.



Evolutionary Individuality

The evolutionary notion of individuality sets the mainstream view in the philosophy of biology. In the conceptual framework of the Modern Synthesis, individuals are understood as theoretical entities of evolutionary biology, namely, those that play a role in the theory of evolution by natural selection, their main features being variation, heritability, and differential fitness (Godfrey-Smith, 2013). From this perspective, entities below and above the level of the organism, such as genes, groups or species, can also work as individuals understood as units of selection.

As we saw above, the conflict hypothesis is the mainstream hypothesis in evolutionary explanations of pregnancy. This view attributes interests to the genes (alleles of maternal and paternal origin), which are “expressed” through their interactors: mothers and embryos, the latter acting as the vehicle of both paternal and maternal interests. Although conflict applies to the genes and not to their carriers, as Haig (2014) himself has warned about, under this model, pregnancy features as a place of negotiation of the presumed interests of separate individuals (namely, the mother, the father, and the embryo), rather than as a biological system on its own. In contrast, our notion of historical individuality reveals an important contrast to this conventional evolutionary conceptualization of pregnancy. While, from an evolutionary genetic perspective (leaving mitochondrial genes aside), paternal and maternal roles are ontologically equivalent, from a reproductive perspective, they are not. The reason is that the latter account integrates into the process of reproduction the genetic, morphological, developmental, and physiological processes which affect material reproductive relations among living systems and which result in the production of a new organism with a new life history.

Nonetheless, evolutionary approaches to individuality are not necessarily committed to a gene-centered view of reproduction. Under non-reductionist approaches to Darwinian individuality where organisms, groups, or even species can be considered as units of selection, pregnant females including their offspring might be seen as evolutionary individuals seeking to maximize fitness. According to the criteria used by Clarke (2010) or Godfrey-Smith (2013), pregnant females would not be considered as single evolutionary individuals because mother and offspring are genetically different, even though they have partially overlapping fitness interests. Nonetheless, Kingma (2019b) seems to reach the opposite conclusion when she analyzes the individuality of pregnancy from an evolutionary perspective. In this case, it might be argued that our proposed notion of historical individual and that of evolutionary individuals overlap for the case of pregnancy, thus rendering ours superfluous. However, we believe that the virtues of identifying new kinds of biological individuals do not lie in their distinctive delineating capacities, but rather in their abilities to explain phenomena that other notions of individuality are unable to explain (DiFrisco, 2019). Tracking the pregnant female as a historical individual accounts for the developmental basis that explains the boundaries and persistence of pregnancy, the distinct evolvability of this reproductive system, and the associated changes that take place in the eutherian lineage after the emergence of pregnancy. None of these phenomena belongs to the explananda of selectionist explanations of pregnancy as a reproductive strategy.



Ecological Individuality

An important contribution to the debate on biological individuality has surfaced in the last decade out of the greater attention paid to how relations of organisms with the biotic and abiotic milieu challenge some of our received assumptions on individuality. While the ecological notion of individuality (Huneman, 2014) can be applied to composites including nonliving parts, it has been particularly influential in discussions on the status of multi-species partnerships (Queller and Strassmann, 2016; Hernández and Vecchi, 2019), and more specifically of symbiotic associations (Gilbert et al., 2012; Gilbert and Tauber, 2016). So-called “holobionts” challenge the view of individuals as non-problematic well-bounded entities, some claiming that certain symbiotic associations can be understood as collective individuals (Chiu and Gilbert, 2015) or as “hybrids” made of individuals of different lineages (Chiu and Eberl, 2016). Importantly, ecological reflections on the status of symbionts do not necessarily attempt to replace the physiological and evolutionary criteria of individuality. Rather, symbionts might be individuated differently depending on the adopted perspective. Thus, some consider holobionts as units of selection (Roughgarden et al., 2018), while others admit that some symbionts do count as physiological, but not as evolutionary, individuals (Godfrey-Smith, 2015).

Debates on the consequences of symbiotic relationships for the individuation of biological entities have an obvious counterpart in thinking of the individuality of pregnancy. One might claim that females and embryos are contingently engaged forming a heterogeneous entity, whereas from the holobiont perspective, one could posit that the pregnant female is a collective individual including female and embryo(s) as same species parts, together with allospecies microbiota. This is the line followed by Chiu and Gilbert (2015) when they argue that the interactions between mother, fetus, and symbionts during pregnancy reciprocally construct each other’s experienced environments, facilitating the scaffolding of their development and reproduction.

Scaffolding has been a candidate model for understanding the pregnancy relation. The notion of scaffolding has been conceived of in manifold ways. Sometimes scaffolds are defined as those organic resources used in development and reproduction, that, contrary to those fueling metabolism, are not incorporated into the system (Minelli, 2016). These include parents, members of symbiosis, and non-living products of metabolism. In sum, resources that are required to explain, yet remain distinct from the scaffolded organism. In this context, pregnancy has been conceptualized as a source of nutrition for the embryo. In other cases, developmental scaffolding is interpreted as an instance of the evolutionary tendency towards exploiting increasingly organized developmental environments (Griesemer, 2014a). Then pregnancy appears as providing a new “ontogenetic niche” (i.e., the uterus; Stotz, 2008) that increases the reliability of development (Chiu and Gilbert, 2015). Following a further relational insight, scaffolding may include not only interactions between developers and scaffolds, but also “prostheses,” i.e., those parts that, like nests, enhance or substitute for developed parts (Griesemer, 2014a). Under this view, pregnancy might be seen as one of many possible parent-offspring relations, in which some form of strong collaboration transiently emerges. For instance, Griesemer discusses the example of haptic contact between a parent and her child holding hands to cross a street as a form of hybrid individual characterized by their temporary fusion (Griesemer, 2018).

Yet, we believe that in eutherian reproduction, the female is not a mere scaffold for embryonic development, either conceptualized as a stable environment, a source of nutrition, or a facilitator of development. Rather, mother and embryo participate in the co-production of the offspring, by forming a transient reproductive individual. In our view, the distinct status of pregnant females as compared to other forms of ecological individuality resulting from scaffolding relationships lies in the historical, intrinsic nature of the relation, in that it is itself an evolved entity, in which both sides of the relation are modified specifically in, and for this relation. In the case of pregnancy, its individuality is transitional, but it does have a beginning and an end: pregnancy inaugurates a reproductive individual in which female and embryo are transiently entangled from implantation to birth. This does not mean that pregnant females are the only instance of historical individuals including heterogeneous entities. Some kin associations such as insect colonies (which also include members of the same species at different stages of their life cycle) or multispecies aggregates such as symbiotic ones might be considered as historical individuals in a similar sense.

Our brief survey of the main current notions of biological individuality and the stance(s) of each in the case of pregnancy, confirms the current pluralist consensus on the topic (Pradeu, 2016a). Most participants in the debate agree that different notions of biological individuality depend on the questions asked or the perspective favored for solving a particular problem, and are largely relative to the methods and practices used to individuate empirical processes of concern in each disciplinary context (Bueno et al., 2018; Griesemer, 2018; Love, 2018). We have shown how different approaches to individuality, as inspired in the epistemic goals of different biological disciplines, use non-overlapping criteria of individuation that lead to different delineations and conceptualizations of pregnancy. More importantly, in looking at practices of individuation in evo-devo, a neglected field in the philosophical debate on individuality, we have identified a new concept of biological individuality. As applied to pregnancy, our concept of historical individuality, according to which pregnant females are evolved forms of individual living organizations, brings forward a new perspective not covered by the rest of the conceptions.




CONCLUSION

The main aim of this article has been to challenge the received view of pregnancy as consisting of two separate individuals, and to offer an alternative conception stemming from recent evolutionary developmental studies. Thus, we have argued that eutherian reproduction is characterized by a developmental integration of physiological and immune processes so that pregnant females need to be accounted for as individuals. We have proposed a novel notion of biological individuality to account for this, namely that of historical individuality, according to which living entities, including pregnant females, are individuated using the evo-devo criteria of persistence and non-exchangeability. The individuality of eutherian pregnancy is of a historical reproductive kind because it originated in evolution as a particular organization of relations that fulfill those criteria.

Concepts of individuality are required “in order to tell stories about what goes on in the world, do science, and make attributions of properties, relations, responsibility (causal or moral), and standing (e.g., epistemic, moral, and legal).” (Griesemer, 2018, p. 138). Although we do not deal with this issue in this paper, it is evident that both biology and medicine have so far overlooked the individuality of pregnant females, and this has had far-reaching consequences, not only for biomedical practices on human pregnancy, but also for social interpretations of reproduction. We think that taking into account in those fields the thesis we present here, namely, that pregnant females are historical kinds of individuals, can positively contribute to reverse important misconceptions.
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FOOTNOTES

1Following Blackburn and Starck (2015) we use the term “embryo” in a broad sense (from implantation to birth) that also includes fetuses.

2Social representations of scientific knowledge use metaphors influenced by social stereotypes (see e.g., Wagner et al., 1995 for the topic of conception), but also scientific accounts are influenced by social, and particularly by gender biases (see Martin, 1991, for the same topic). The language used in biological accounts of pregnancy is a particularly good illustration of how the social perception of a biological process has influenced its scientific interpretation, and vice versa.

3The placenta evolved from the vascularized membranes of the yolk sac and/or allantois, which in oviparous animals supply nutrients from yolk and gas exchange with the external environment. In contrast, in viviparous mammals the membranes fuse with the chorion to form the placenta, which attaches to the uterine wall and serves as continuous mediator of nutrients and gas exchange with the maternal blood (Ramsey, 1982; Carter, 2012).

4While there have been recent attempts to improve the understanding of reproduction from a Darwinian perspective, they still regard eutherian reproduction essentially as the capacity to make reliable copies of an individual entity. For instance, Godfrey-Smith’s (2015) recent distinction of different forms of reproduction classifies eutherian mammals as “collective” reproducers which, just like any other multicellular, have parts with the capacity to reproduce, while viruses are seen as “scaffolded” reproducers whose reproduction depends on external resources. In contrast, from the reproducers perspective, almost all cases of reproduction are seen as scaffolded (Griesemer, 2014a,,b; Minelli, 2016).

5It is important to note that the modification of the immune reaction must be local, not system-wide or persistent, because it would otherwise likely be lethal for the mother.

6Wagner and co-authors go a step further to suggest that stress pathway-inducing processes offer a particularly strong opportunity to generate novelties, by first internalizing, and then modifying an originally plastic stress response (Erkenbrack et al., 2018; Wagner et al., 2019).

7It might be argued that birth is an arbitrary event from a reproductive perspective, given the extended period of neonatal immaturity that follows birth in some mammals, and their dependence on lactation. In this view, the physiological individuality of pregnant females would gradually disintegrate after birth by changing the set of maternal-offspring interdependencies to others, individuality becoming a matter of degree. While this is a plausible interpretation, such a position would not be able to individuate pregnancy, but rather the more general kind of relationship mediating mothers and offspring among mammals, including oviparous mammals.
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Reductionism relies on expectations that it is possible to make sense of the whole by studying its parts, whereas emergentism considers that program to be unattainable, partly due to the existence of emergent properties. The emergentist holistic stance is particularly relevant in biology and cognitive neuroscience, where interactions amongst system components and environment are key. Here we consider Alfred North Whitehead's philosophy as providing important insights to metaphysics of science in general, and to the reductionism vs. emergentism debate in particular. An appraisal of Whitehead's perspective reveals a difficulty shared by both approaches, referred to him as “simple location”: the commitment to the idea that the nature of things is exhausted by their intrinsic or internal properties, and does not take into account relations or dynamic interactions denoting “togetherness.” In a word, that things are simply where they are. Whitehead criticizes this externalist ontological perspective in which each interacting element exists, and can be thought, without essential reference to other elements. The aim of this work is to uncover such a stance, particularly in the context of dynamical systems, and to show its shortcomings. We propose an alternative relational approach based on Whitehead's notion of “internal relations,” which we explicate and illustrate with several examples. Our work aims to criticize the notion of simple location, even in the framework of emergentist accounts, so as to contribute to a “relational turn” that will conceive “inter-identities” as “intra-identities” in which interactants are not enduring substances, but internally related processes. In sum, we argue that the notion of internal relations has a strong theoretical power to overcome some fundamental difficulties in the study of life and mind.

Keywords: simple location, internal relations, misplaced concreteness, process philosophy, Alfred North Whitehead

“Berkeley afirma: Sólo existen las cosas en cuanto se fija en ellas la mente. Lícito es responderle: Sí, pero sólo existe la mente como perceptiva y meditadora de cosas.”              (Borges, 1925)

“It has been usual, indeed, universal, to hold that spatio-temporal relationships are external. This doctrine is what is here denied.”        (Whitehead, 1925).


INTRODUCTION

It seems common sense to affirm that the world is made of discrete, independently existing objects. When we look around we see objects all over the place: pens, chairs, and trees. This everyday experience, when formally articulated as a philosophical system, corresponds to “substance metaphysics.” Namely, the presupposition that reality is like a building and that, as such, it is made of building blocks. The quest of the physicist and the philosopher is then to find out about those tiny building blocks, inquiring about the smallest of objects, in order to identify and characterize the constituents of reality.

However, at the very microscopic level, such bits of matter have not been found. Quite the contrary, the quantum physicist has bumped into an exotic garden of incredible particles which, when inspected even more closely, dissolve into energy fields. Once determined to come across the ultimate pellets of the real (the old “atom” idea of the Greeks), twentieth-century scientists realized that it is more appropriate to think of them as expressions of activity.

In philosophy, such a change of paradigm exists and it has a name: it is called “process metaphysics.” Having a long history (more details further below), and epitomized by the English mathematician and philosopher Alfred North Whitehead, it offers another way of thinking about “stuff” —what if reality is not made of substances but of processes, the world not made of things but of events?

At first, this idea defies not only how we see the world (still appearing to be made of solid objects), but also how we think we can possibly conceive the world. First, like fish not realizing they are constantly swimming in the water, we have been conditioned to think like this throughout our lives. Second, at the civilization level, Western thought has championed an “ontology of stones” for centuries (other traditions, however, illustrate and demonstrate that other valid systems of thought are possible). Third, as a species, stones have indeed always looked very real helping us to hunt and ultimately survive (but so has fire). It is somewhat irresistible to consider stability as more fundamental than change.

Apart from the experimental findings and theoretical realizations of physics, the notion of an “object” involves several fundamental difficulties. The perennial problem of change (the famous Heraclitean claim that it is not possible to step twice in the same river) challenges the very notion of identity. You change, and yet you are still you. But even more: your skin, your hair, and virtually everything in your body is soon ultimately replaced. Similarly, one may ponder: how many pieces can we remove from a car until we no longer consider it a car? Or, how many hay stalks does one need in order to have a haystack? Under the substance paradigm, despite positing enduring essences, change and identity seem incongruous. Things are what they are, and yet they change all the time. How to reconcile the two?

The idea of identity has not ceased to obsess the modern imagination. After physicists went after it by decomposing matter, biologists, imitating the model of physics, set themselves the same agenda (notably, and ironically, while physics itself was realizing its futility): to study living organisms by breaking them into tissues, tissues into cells, and cells into molecules. They did not go further since once one dives inside the molecule, quantum physics changes the game. Carried away by a kind of architectural metaphor they thought that decomposing things into their fundamental elements would reveal the “bricks of the real,” all simple, all identical.

However, the intellectual boldness of physicists taught us that when you get to the smallest bits, not only doesn't the universe look like a uniform pile of bricks, but that such a zoo of particles within exotic families (quarks, leptons, gauge bosons, etc.) are not localizable or distinguishable them from the field in which they move, and from which they appear and disappear. Activity was not a by-product of stability anymore, but the other way around. The elemental was conceived as an expression of the perturbed. Substances, upon close inspection, turned out to be stabilized processes. The foundations upon with Western thought is built were literally and metaphorically shaken about a century ago.

And yet, for any formulation or adoption of a cosmological theory, it seemed necessary to postulate a continuous matter with permanent attributes that persists and retains its identity over time, a matter that changes but is numerically identical to itself and maintains its identity despite all accidents and transformations. This idea has shaped the basis of scientific materialism for the last centuries. We can recall the scientific formulation of activities associated with empty space that, in the nineteenth century, produced the materialistic ether as the substratum of all transformations and changes.

But one does not need to ponder the ethereal. In Process and Reality, Whitehead uses the example of a stone. Today we conceive the stone as a set of separate molecules in continuous agitation: “But the metaphysical concepts, which had their origin in a mistake about the stone, were now applied to the individual molecules. Each atom was still a stuff which retained its self-identity and its essential attributes in any portion of time—however short, and however long—provided that it did not perish. The notion of the undifferentiated endurance of substances with essential attributes and with accidental adventures was still applied” (Whitehead, 1929, p. 78). According to the English philosopher, this is the substantialist foundation of materialism. Matter becomes a metaphysical concept, a final reality, imperceptible, and that exists regardless of its qualities, regardless of our own observations. Such “stone ontology,” as Whitehead justifiably claims, has shifted from the stone to the particle. And then from the particle to everything else.

The Cartesian conception of reality—upon which the majority of sciences are still based—is one of “bricks and mortar,” atoms and their interactions. It is important to realize that the mortar does not change the brick in any way, but just its external relationship with other bricks in space. A brick remains a brick, regardless of all the other bricks. Each brick of reality has a place, where no other brick can be.

This is what, according to Locke, gives each brick its identity. Bricks are what they are by virtue of their instantaneous being just where they are and nowhere else. Locke's principium individuationis states that “the only thing which differentiates one atom from all others is its spatial location at a certain particular instant and nothing else” (Locke, 1689, II:XXVII). Differences are thus only differences in spatial location. This entails the possibility to endow a “definite portion of space with well-defined boundaries.” Modes of thought based on a substance ontology thus easily lend themselves to materialism, reductionism and mechanicism: the world is made of (and reducible to) building blocks, which are all physical, each occupying a different place in space. Being external to one another, their identities are, in essence, independent. It is their spatiotemporal location that grants them their identity.

We are also led to think that at the bottom such bricks are identical, since what makes them different is only where they are. Note that not only can we hardly conceive what an electron really is, but we are convinced that there is such thing as two identical electrons. Leaving aside Whitehead's puzzling remark [“an electron within a living body is different from an electron outside it, by reason of the plan of the body” (Whitehead, 1925, p. 79)], the fact is that it is not possible to delineate any such entity. We do not know where an electron starts nor where it ends. They are expressions of activity in a field. Their localization would in turn become problematic.

This habit of the intellect also applies to macroscopic objects. We see a cat running after a mouse. Despite their interaction, the cat and the mouse are deemed to be distinct and separate. According to this worldview, all things are conceived as having modes of existence that (no matter how much one wishes to emphasize their interactions) are fundamentally separate. But, is an essentially disconnected universe still a universe? How to avoid such a fundamental separation?

Even if one supplements such a worldview with the possibility of every bit of stuff to act on every other bit, such action is nothing more than displacement in space (A pushes B). Thus, in a world made of particles, their relationship occurs via inter-actions. Interactions are mechanical insofar as the only change that they allow is rearrangement. All change is due to the displacement of discontinuous, rigid, compact units guided by mechanical laws. Such units are what they are, and will remain what they are, by virtue only of themselves: located in space and unchanging in time.

In such a world, differences in kind must be apparent. The spatial configuration of the elements can change; their inner natures cannot. There is not only separation between objects, but also within them when it comes to their qualities. A classic example that both illustrates and defies this point is that of the cloud, yellow at dawn, white at noon and pink at sunset. Color would not be something inherent to the cloud because it changes as the light changes. Since Locke, the idea that color was inherent in things was abandoned. The object, well defined, had been separated from its color (and from the subject that perceives it).

Moreover, such a universe would “read Braille” since the only way to know of each other would be by direct contact, touch, impact. The universe is then conceived as a cosmic billiard board of simply-located particles whereby each bit of matter would, by definition, be individually independent, “regarded as fully describable, apart from any reference to any other portion of matter” (Santos and Sia, 2007, p. 91). Ironically, relations are simultaneously deprecated and deemed necessary to glue the world together. In a world made of externally-related “stuff,” any relation to another entity is always secondary, if not counterfeit.

The primary aim of this article is to make explicit the pervasive commitment to “simple location” and to articulate its pernicious consequences. Such a negative critique is positively supplemented with an alternative, based on Whitehead's idea of “internal relations.” The outline of the article follows this logic and then qualifies the discussion about simple location in the context of scientific and metaphysical abstractions by explicating the so-called “fallacy of misplaced concreteness.” Then we address “process thought” more widely, briefly discussing its origins, current flavors and subtle caveats, especially with respect to dynamical systems theory. To make those ideas more concrete, we provide several examples of the power of process thought across disciplines, with an emphasis on the cognitive sciences. We end with an outlook on the prospects of conceiving inter-identities as intra-identities, thus transcending reductionistic and mechanistic stances, even when still covert in certain organic and processual views of matter, life and mind.

Ultimately, and more generally, the conceptual challenge entailed by our proposal is to think change without vehicle and container, namely, to oppose “the idea of an inert, unchanging container of physical becoming” filled with physical particles and based on “relations of mutual exteriority which are characteristic of classical space” (Capek, 1971, p. 271). In other words, to abandon the idea that motion is of something (matter) in something (space), both considered in timelessness, which is nothing but an abstraction of concrete reality. Put differently, the problem with dualism –the idea that there are two substances, body and spirit– is not so much with the word “two” but with the word “substances.”



SIMPLE LOCATION

After such an introductory detour, we are now in position to ask: What is the foundational assumption upon which the above notion of identity rests and which, at the same time, creates so many theoretical problems? Whitehead argues that it is a conception he calls simple location: “By simple location I mean one major characteristic which refers equally both to space and to time (.). The characteristic common both to space and time is that material can be said to be here in space and here in time, or here in space-time, in a perfectly definite sense which does not require for its explanation any reference to other regions of space-time. (.) and, so far as simple location is concerned, there is nothing more to be said on the subject” (Whitehead, 1925, p. 49).

Thus, simple location is the notion that there are portions of matter that are fully describable apart from any reference to any other portion of matter, so that any relation to other entities, existing or not, is secondary. Relations thus cannot really say anything about the internal constitution of a bit of matter. When it comes to space, this entails the possibility of completely isolated systems (e.g., the so-called “brain in a vat”). For time, it means that change is sequential rather than serial, and that duration can be shrunk to an instant. These aspects imply a fundamentally disconnected universe in space and in time.

While the realization of the impossibility of a completely isolated system may indeed trigger a conversion to a relational view of physics (Smolin and Mangabeira Unger, 2014), thinking about relationality can still miss the key distinction between external and internal relations. Thus, the acceptance of simple location is what needs to be criticized at the core, as “[t]his idea is the very foundation of the seventeenth century scheme of nature” (Whitehead, 1925, p. 58).

Once simple location is assumed, several scientific and philosophical problems follow: how to conceive memory, causation, induction, evolution, ethics? In an entity externally related to itself in time, the past cannot enter into the present. Again, by which procedure can it be linked back? If we take simple location seriously, the movement of a particle becomes impossible. Simple location causes serious problems to induction as well. If each configuration of matter has no inherent references to any other place or time—if nature is really like this, external to herself—then induction is not based on anything inherent in nature; “the notion of ‘simple location' is inconsistent with any admission of ‘repetition”' (Whitehead, 1929, p. 137); the consequences that Hume pointed out were correct, had his premises been true. Furthermore, external relations do not allow for evolution. If one is to have something else than mere unfurling (Gomez-Marin, 2020), a doctrine of internal relations is necessary: “The aboriginal stuff, or material, from which a materialistic philosophy starts is incapable of evolution. (…) There is nothing to evolve, because one set of external relations is as good as any other set of external relations. There can merely be change, purposeless and unprogressive. But the whole point of the modem doctrine is the evolution of the complex organisms from antecedent states of less complex organisms” (Whitehead, 1925, p. 107). In order to allow for personal development and ethics, simple location must also be rejected. Identity, as the quality of being the same to oneself, leads to the following situation: A may interact with B, and some properties of A may even be affected, but A will remain equal to itself regardless of B. If things—by definition externally related—are the most fully real, and enduring things are self-identical through time, then no true development can occur. In addition, an ethics in which your relationship with others is fundamentally different than with yourself seems doomed to fail.

One may trust that by supplementing the parts with dynamic interactions one can ameliorate the situation. But emphasizing interactions of otherwise simply located elements does not bring forth a more internally related universe. To put it metaphorically, the taint of simple location cannot be cleansed by rubbing; we submit that the cloth must be abandoned. The problem of interactions is itself problematic. The adoption of simple location is a major drawback to the reasonable “fix” of emergent properties.

In fact, contemporary versions of emergentism seek to correct reductionism with the help of mereology. This is certainly important, as we need to be able to distinguish between different senses of “parthood.” How the parts relate to the whole is what is at stake. Is the whole prior to its parts? If so, one must ponder where it is so logically, chronologically and/or ontologically. Commendable efforts to reject reductionism in favor of holism still adhere to materialism (Gilbert and Sarkar, 2000), perhaps unable or unwilling to reject the commitment to simple location.

It is instructive to revisit the concept of mass as an example of how “holistic” narratives can still carry out the baggage of the notion of simple location. “Newton defined it as vis insita, that is, literally, as force residing within the location occupied by matter and constituting, so to speak, its substantial nucleus which is related externally to other particles. The belief in the simple location of sharply defined corpuscular entities could have hardly found more accurate formulation: the essence of material particle is its resistance to acceleration, reacting hinc et nunc against the external influences of other equally well defined corpuscular entities” (Capek, 1991, p. 209). Or, quoting physicist and philosopher Ernst Mach's criticism of Newton: in the principle of inertia there is “an abbreviated reference to the entire universe” and that “the neglecting of the rest of the world is impossible” (Capek, 1991, p. 210).

The critique extends also to conceptions of interactions in physics: “to isolate one particle and force from the whole dynamical context is as artificial as to claim that buying may take place without selling” (Capek, 1991, p. 210). Maxwell realized that Newton's third law unifies action and reaction as one dynamical phenomenon: stress. Action and reaction are two opposite effects of the same reality, in the same way that in “commercial affairs the same transaction between two parties is called Buying when we consider one party, Selling when we consider the other, and Trade when we take both parties into consideration” (Maxwell, 1992, p. 27). For Faraday, “matter is not merely mutually penetrable, but each atom extends, so to say, throughout the whole of the solar system, yet always retaining its center of force” (Capek, 1991, p. 178).

After Faraday and Maxwell, modern physics irreversibly stumbled upon the problems that simple location creates. In fact, a century ago such a concept was left virtually unrecognizable after Relativity Theory and Quantum Theory. Due to the principle of indeterminacy and entanglement, precise boundaries became ill-defined and particles could not be localized anymore.

Inspired and spurred by the radical worldview transformation afforded by modern physics, Whitehead denied the concreteness of simple location. He did not prune it; he pulled it out from its root. Our goal here is to be able to think in an intrinsically relational manner by means of Whitehead's event-notion of individuality and his doctrine of internal relations.



INTERNAL RELATIONS

The negation of simple location is accompanied by an affirmation. Whitehead puts forth the notion of internal relations1, which he introduces when discussing Einstein's relativity. Space-time relationships have been generally understood as external relationships. Whitehead denies that. He resembles Leibniz when he states that the relations that an event has are all internal relations: “This internal relatedness is the reason why an event can be found only just where it is and how it is, that is to say, in just one definite set of relationships. For each relationship enters into the essence of the event; so that, apart from that relationship, the event would not be itself. This is what is meant by the very notion of internal relations. It has been usual, indeed, universal, to hold that spatio-temporal relationships are external. This doctrine is what is here denied” (Whitehead, 1925, pp. 122–123). Put plainly, an internal relation is a relation between entities such that it is not possible for them to exist without each other. Thus, from the stance of the doctrine of internal-relations, inter-actions are “add-ons” to substances; a glue between “things” which, in turn, do not need the glue for their being.

Internal relations determine the identity of the related entities. For the purpose of gaining some intuition about this notion, let us provide some examples within a somewhat heterogeneous list of cases. A mother and her baby (specially a fetus) can be said to be internally related because their mode of relation implies that one could not properly speak about the latter if one would leave the former out. In other words, they owe to each other what they are. Another case of entities whose existence is intrinsically relational is that of a bee and its hive. So is quantum entanglement, where two physical systems, despite not being in interaction at the present time, are inseparable beyond accounts based on shared memory or the common cause principle. In the realm of cognitive sciences a curious example is the gathering of a magic trick, since the magician cannot do magic without a spectator (it is easy to fool oneself, but it is impossible to do a magic trick to oneself). Escher's Drawing Hands may serve as a visual analogy to grasp internal relations.

In sum, that the properties of A depend on B causes no theoretical problems. But claiming that the identity of A depends on B defies the intellect. It is true that one can conceive of things in external relation and still claim that it is impossible, for some of them, to exist without the other. The real challenge is to conceive a mode of relation that determines not only the possibility of existence but the essence and identity of two “things.” Process philosophy—at least for Whitehead, as we are trying to explicate here—undertakes such a task.

But, if things are not really where they are, does this mean that they are everywhere? Whitehead claims: “In a certain sense, everything is everywhere at all times. For every location involves an aspect of itself in every other location. Thus every spatio-temporal standpoint mirrors the world” (Whitehead, 1925, p. 91). At first, this may seem a disproportionate claim. Whitehead's proposal is not so much to claim that a particle is everywhere but that, in a precise sense, it also can and must be where it is not. The critique of simple location implies the negation of well-defined regions in space and time. Events are spread out (and, importantly, they also have a temporal width). Their boundaries are fuzzy. Upon inspection, objects are not everywhere in the same sense, but they do indeed enter into the beings of other entities, and this way of being in others is what constitutes a thing's location. The world is made of entities that are here and also, in a way, somewhere else. Whitehead's theory involves the complete abandonment of the notion of simple location as the way in which things (or, more precisely, events) are in space-time.

In closely examining his critique of simple location, Capek qualifies Whitehead's “mirroring the universe” by means of emphasizing the causal cone of events: “each particular event reflects that part of the universe which acts on it as well as the potentialities of its own future effects; but it remains causally unrelated to those events which neither act on it nor will be acted upon by it” (Capek, 1991, p. 215). Thus, although events are not simply located, they are circumscribed to causal influences. This supplements the principle of internal relations by limiting the repudiation of simple location. In other words, while one can still say that “each particular event mirrors the world,” what is meant by the word “world” is not a complete entity outside of time, since “the act of mirroring takes time, that it is itself a time-consuming process” (Capek, 1991, p. 213).

Paradoxically, simple location seems to adequately reflect experience (but it does not). In one way we see objects “out there,” simply located; simple location would then be a mere transcript of the obvious facts. But, on the other hand, experience cannot confirm simple location for us as an elemental fact (it is an abstraction). Whitehead insists that to try to understand his proposal in terms of our everyday notions of time and space will inevitably bring great paradoxes. In contrast, “if you think of it in terms of our naive experience, it is a mere transcript of the obvious facts” (Whitehead, 1925, pp. 91–92). There is no element apprehendable in immediate experience were simple location is to be found. And yet, a paradigmatic rebuttal reads: “if our experience shows the contrary, so much worse for experience!” (Capek, 1991, p. 205).



MISPLACED CONCRETENESS

The problem with simple location is not just the simply attributed location by itself. It is that we take such an abstraction as concrete. In other words, the error is to conflate abstraction with reality; what Whitehead called the fallacy of misplaced concreteness.

Are we denying the reality of atoms? Yes and no. Atoms are both invented and discovered. No one has ever directly seen one. And yet, there is empirical evidence for them. However, upon close inspection, their essential properties crumble, as could have been expected2. Atoms turned out not to be atomic. While they may still be useful abstractions, the problem is to forget that “atomicity is only one aspect of nature” (Capek, 1991, p. 198). Let us go back to Maxwell and quote him at length: “We are accustomed to consider the universe as made of parts, and mathematicians usually being by considering a single particle, and conceiving its relation to another particle, and so on. (.) To conceive a particle, requires a process of abstraction since all our perceptions are related to extended bodies, so that the idea of all that is present in our consciousness is perhaps as primitive an idea as that of any individual thing. Hence there may be a mathematical method in which we proceed from the whole to the parts instead of from the parts to the whole” (Capek, 1991, p. 179). Upon abstraction, the intellect assumes not only that things are isolatable in our mind but also that they are isolated in reality. Put plainly, that despite their not being isolatable, when we do isolate them, they do not change in kind. We conflate useful ideas as fundamental statements about the world.

Abstractions are indeed useful (actually, this is their raison d'etre). We are constantly abstracting in our daily life. If we want to take a train, we abstract from the train only that which is of our interest: schedule, price, destination. We do not attend to the color of the upholstery, the decoration of the toilets, or where the engine was made. We do the same in our personal relations. The advantage of abstractions is to limit thought to things and relations that are clearly defined (clarity is often at odds with precision). Thus, the error does not lie in making abstractions, but in taking them as concrete. In sum, abstraction is paradoxical in that its utility depends on its falsity. If what abstraction excludes is important to experience, then this mode of thought becomes inadequate.

Let us say it more clearly: no abstraction, no thought. And without thought, there is no science. However, it is also true that: no concreteness, no life. We must abstract from the world in order to think about it, but we must also attend to the concrete particulars in order to live in it. So it is not possible to do science without abstraction, while at the same time it is possible to grasp the concrete by means of our immediate experience. If we are incapable of questioning—and eventually getting rid; or at least temporarily suspending—of our familiar abstractions, our work is condemned to sterility. As a group (scientific, or otherwise) we would literally live auto-enclosed and un-grounded. In this sense, the role that the philosopher can play as the critic of abstractions becomes decisive for science.

So, if one never really lays hold of the “thing in itself,” if science must abstract in order to study the concrete, how to tell whether one abstraction is better than another? Exactitude depends on our interests: “What I am opposed to is the concept of some ideal exactitude given us a priori, as it were. At different times we have different ideals of exactitude; and none of them is supreme” (Wittgenstein, 1980, p. 37). Abstractions are subordinated to our interests, intentions, desires, and values (which are always human values). Accordingly, a separation between the sciences and the humanities is not possible. In fact, science would be nested in the humanities, rather than the latter being a sprout subordinated to the former.

Science is exact, its predictions can be tested and the whole enterprise is, above all, useful. And yet, “[i]t turns out that physical truths, upon their theoretical qualities, had also the condition of being profitable for the vital conveniences of men. Starting from those, men could intervene in nature and make it comfortable in their own benefit” (Ortega y Gasset, 2015, p. 272; our translation). Thus, scientism can be defended by the bourgeoisie, since “comfort is simple a subjective predilection (.) but one that does not reveal by itself any superiority of character” (Ortega y Gasset, 2015, p. 272). The criterium of utility need not supersede that of truth, or any other. If what science does is indisputable, what it says about what it does must be disputed (Canales, 2015).

In consequence, and contrary to Feynman's noted dictum, we contend that philosophy of science is as useful to scientists as air is to birds. There is always a metaphysics at work (and believing there is none is the most dangerous kind of metaphysics). Process thought offers a viable alternative to “bricks and mortar.”



PROCESS THOUGHT

Process thought is not a novel invention of the twentieth century, as it represents the continuation of a tradition that started with Heraclitus, all the way to Leibniz and Schelling, amongst other philosophers. Bergson can be considered its forerunner at the beginning of the last century, acknowledging William James as well [he wrote: “What really exists is not things made, but things in the making” (James, 1909)]. Whitehead drew from both Bergson and James. As he himself acknowledged, “I am also greatly indebted to Bergson, William James, and John Dewey. One of my preoccupations has been to rescue their type of thought from the charge of anti-intellectualism, which rightly or wrongly has been associated with it” (Whitehead, 1929, preface). Whitehead had unique credentials to also address the mathematical and physical aspects of process philosophy in the context of modern science. Not widely known (and at times ignored), Whitehead is nevertheless arguably the major exponent of process thought.

Despite his rather humbling remark that all of Western philosophy is a series of footnotes to Plato, Whitehead embarked on a challenge that, to our knowledge, no other philosopher has achieved, nor probably sought, namely, to integrate the three apparently incommensurate worlds of clocks, quanta, and consciousness. Thus, he provided a coherent account of the familiar classical behavior of macroscopic objects, physical theories of the time on the ultimate entities of matter, and the world of subjective experience. Whitehead's philosophy is not only an ontology but also a cosmology. Its attempted scope is the entire cosmos.

To that ambitious end, in his magnum opus Process and Reality (Whitehead, 1929) he introduced a set of complex new categories and axioms, which constitute his unique philosophical scheme. This makes his philosophy quite impenetrable at first reading (and at second and even third readings as well). It is thus not possible for us to unpack Whitehead's complex metaphysical scheme in this manuscript (nor is this our purpose). In fact, this is the reason why we set ourselves the modest but still daunting task of introducing and conveying three of its core elements: the critique of simple location, the fallacy of misplaced concreteness, and the doctrine of internal relations (whose discussion, by the way, appears in his much more accessible book, Science and the Modern World). In our view, these three ideas are fundamental to be able to think inter-actions at the physical, biological and mental levels in a way that does not, explicitly or implicitly, assume a mechanistic worldview whereby relations may be deemed important but ultimately not essential.

Whitehead's process philosophy rejects any actuality that is static in order to affirm that all actuality is processual (Cobb and Griffin, 1976). In a nutshell, his “philosophy of organism” consists in replacing substances with events as the entities that make up the real. As we have argued above, objects are entities that are external to one another, forming systems of parts that are fixed despite their interactions, no matter how much one emphasizes their relations. Events, in contrast, are conceived as persisting processes. Whitehead provides a whole new metaphysics that departs from the notion of substance.

The difficulty of Whitehead's process philosophy has been met with a poor reception. Some scholars admit that “its detractors, principally from the new analytical tradition (…) consider Whitehead's most recent work obscure, confused, wooly and mystical, not worth the effort of reading or trying to understand” (Simons, 2013). It is indeed challenging to think in a process manner if one speaks a “substance language” (where nouns sound like substances). Whitehead coined new words and used existing ones with different specific meanings precisely in order to create a universe of discourse that could bypass “substance thought.” According to Isabelle Stengers, Process and Reality “is a text whose obscurity has put off many readers but which I wish to defend against a particular way of being read.” She adds: “you cannot read Process and Reality from the first to the last page, in a linear manner, but must zigzag, using the index, being lured to come back to something you recollect but which had remained mute and now takes on a new importance, taking the leap that you have just felt is possible” (Stengers, 2008). Indeed, many have given up.

Paradigmatically, prominent members of a recent revival of process philosophy for biology are “more inclined to risk reinventing the wheel than to look for the concepts and theses we want in Whitehead's metaphysical system” (Nicholson and Dupre, 2018, p. 7). In contrast, here we wish to keep the rider and the horse. We sympathize with the current efforts, especially in theoretical biology, that stress that “what is alive is not really a thing.” However, an adequate diagnosis of the limitations of a substance ontology does not guarantee an accurate prognosis. Namely, Whitehead “understood that to make all permanence illusory, to deny being in the name of becoming, to reject entities in favor of a continuous and ever-changing flux meant falling once again into the trap always lying in wait for philosophy.” (Prigogine and Stengers, 1984, p. 89). Ultimately, reiterating that everything is a process does not do the explanatory work.

Moreover, the view that process equals change (which, in turn, can be properly captured by dynamical systems) is misguided and naïve. Repeating the “everything flows” mantra may increase the popularity of process philosophy amongst biologists (Nicholson and Dupre, 2018). One must be wary not to do so at the expense of its precision. As we will argue next, one may end up with a surrogate version more akin to dynamical systems theory spuriously upgraded to a kind of process ontology. Again, while emphatic narrations of the processual nature of reality are welcome and needed (Jaeger and Monk, 2015), the processual virtues of dynamical systems modeling may break down when one examines whether they can accommodate internal relations. We submit that there are important “performative contradictions” whereby what is claimed contradicts what is assumed. To put it plainly, one can emphasize dynamic interconnectedness in order to defend a process-based view of nature while still (perhaps unknowingly) embracing a substance-based view. Having said that, let us make clear that one does not need to be a Whitehead devotee to cultivate process thought.

Even in the context of our critique of simple location, it can seem rather futile to point to the inadequacy of dynamical systems theory. After all, its great effectiveness as a mathematical formalization to study the behavior the physical world is more than attested (moreover, what comparable practical alternative have we got?). Stemming from classical mechanics, and conceived to describe the movement of projectiles, planets and falling apples, it is arguably the mathematical formalism par excellence to model not just the behavior of inert matter, but also of life and mind.

That cognitive agents are (more like) dynamical systems rather than digital computers (van Gelder, 1995) can be seen as an upgrade on the cognitivist metaphor, too often ingrained to the point of dogmatism. Researchers across disciplines seem perfectly fine lending to differential equations (or to difference equations, when time is treated discretely) the job of mathematically modeling development, evolution, or cognition. In the words of Evan Thompson, “[a]ccording to the enactive approach, the human mind emerges from self-organizing processes that tightly interconnect the brain, body and environment at multiple levels” (Thompson, 2010, p. 37). Autonomy is particularly underscored. Self-determining systems (autonomous systems) are not completely determined from the outside (as in heteronomous systems). The interactions of autonomous systems with the environment are thus more akin to “conversation” than to “commands” (Pask, 1980). As long as interactions, emergence and autonomy are emphasized, it seems that one can safely borrow the dynamical systems formalism. But, can we?

There is no doubt that nature is “dynamic” (this is, characterized by change, activity, forces and movement). Lato sensu, dynamical systems are collections of interrelated entities (“system”) that change over time (“dynamical”). In essence, in mathematical dynamical systems a function describes (or prescribes) the temporal evolution, deterministic or stochastic, of a point in a geometrical manifold that is called phase space. We should take dynamical systems seriously, but not literally. As mathematical abstractions they can be confounded with the concrete actual entities they seek to represent. However, we argue that there is more to this than just the well-known warning that the map is not the territory.

Are organisms really dynamical systems? The process philosopher Spyridon Koutroufinis has dealt extensively with this problem (Koutroufinis, 2014b, Koutroufinis, 2017). A whirlpool may very well be a better model for a fruit fly than a clock. But, in fruit flies, not only their trajectories but also the dimensions in which they unfold emerge along with the processes. In contrast, dynamical systems are generated in a phase space, which represents all the possible states of a system. Note how, unlike living organisms, the possible states of a dynamic system are defined independently of the agents in it. There is no co-evolution of the agent and the phase space. Nor is the principle of change inherent to the agent. In addition, such space is fixed. Furthermore, its axes imply that the concrete is made out of a combination of universal generalities. Finally, the trajectory is a succession of immobilities. There is flux, but it supervenes (it is not essential). In fact, movement in a space of a given dimension can be recast as a static shape in another space to which one adds one more dimension (time is “spatialized,” as Bergson incessantly denounced). Equations express accomplished or accomplishable facts rather than facts in the making. As opposed to the reality they portray, such mathematical tools do not endure. In sum, the main shortcoming of the dynamical frame for process philosophy is that one gets a proxy of Heracletean change within a Parmenidean space.

A key difference between machines and organisms is that, in the former, constraints are imposed from the outside while, in the latter, they are imposed also from the inside. One thing is to stress the constitutive reciprocity of an agent with its environment, another to grant that organisms determine the relevance of their environment not only by means of what they take of it but also by actually crafting it. We do not mean that relations determine what an organism is, but that the organism determines itself through its relations to its Umwelt (von Uexküll, 1992). The former position would imply a sort of radical relationalism, a reduction of the subject to its relations. The latter is a process ontology whereby the experiencing subject is essential because it is a center of action in the world. In turn, the question of subjectivity begets the question of the environment. So, in order to properly answer “Is cognition in the head or in the world?,” one must ponder and clarify: what world? (Feiten, 2020). Physical surroundings and meaningful environments are different worlds. Even if one rejects “computation” (representation, as in cognitivism), and puts forth “affordance” (selection, as in ecological psychology) or “enaction” (construction, as in enactivism), accounting for subjective experience remains a challenge.

Furthermore, in the framework of dynamical systems there is no room for spontaneity, creativity or the appearance of true novelty; something happens only because something else makes it happen (adding stochasticity does not change the picture). Even when committed to interactions, emergence, and mutual dependencies, there may be no room for self-determination. In contrast, Whitehead's process ontology postulates that the world is made of events or processes that are not only interwoven, but also creative. Whitehead “understood perhaps more sharply than anyone else that the creative evolution of nature could never be conceived if the elements composing it were defined as permanent, individual entities that maintained their identity throughout all changes and interactions” (Prigogine and Stengers, 1984, p. 89).

Therefore, each process (and, for that matter, every individual) is then understood as a developing subject not completely brought about by efficient causes. To radical relatedness we add intentions of our own. As Koutroufinis remarks, “the prehended facts of the past do not push the process into the future in the way in which the causality of classical physics does (…). The present is not the passive and trivial transition from a complete past into a predetermined future. This is because the process decides, in its present, which factors from the past are to be considered relevant and which role the selected factors will have in forming the future” (Koutroufinis, 2014a, p. 19).

It is revealing (and somewhat amusing) to realize that one has never seen an equation that changed itself. The rules are fixed. Dynamical systems change, but the laws that govern them do not. When dynamical systems are further abstracted from the equations themselves to Hamiltonian and Langrangian mechanics, and then further into symmetry principles (à la Noether) one can begin to grapple with the origin of such fundamental limitations: being two of the foundational theoretical aspects of physics, fixed phase spaces and symmetries (with their associated invariants and conservation laws) do not to lend themselves well to biology (Longo and Montévil, 2012).

We cannot add a concrete way forward at this point, except from articulating these fascinating challenges. In any case, the absence of a solution does not make a problem disappear. There are some silver linings, though. Inspired by Deleuze and Guattari's notion of “differential heterogenesis,” and in line of Simondon's concept of “individuation,” a mathematical framework for “heterogenetic becoming” has been recently proposed where constraints can themselves change in time (Sarti et al., 2019). In contrast with mathematical physics (which would be a form of “symmetrization of heterogenesis”), the morphogenetical space is not given a priori, namely, there is morphogenesis in space but also morphogenesis of space. Despite currently under construction, new special mathematics seem to come to rescue us from this situation. Let us bear in mind that mathematics is also a human historical endeavor (it is what people make of it). Ironically, it may turn out that in our celebrated attempts to naturalize physics we may have actually physicalized nature. It is perhaps time to nest physics in biology with the help of new mathematics informed by philosophical thinking (Longo, 2020).

Going back to the notion of internal relations, once more the question is not settled by emphasizing the processual nature of whirlpools (or, to that matter, the processual nature of the toilet in which whirlpools form when we flush it). In any dynamical system there is always a final level of internal relationship below which basal elements (entities or variables) are defined independently of their relations. Such mathematical theories of dynamical behavior, operating under the implicit assumption that basal elements have a fixed essence, presuppose the externality of the relations of the basal elements. Even if one claims that interactions are more important than their constituents, this claim holds only for the behavior of the system, not for the constituents themselves. “It is arguably this inseparable connection between processuality and internal relationship that also creates the biggest difficulty in Whitehead ontology: The process which gives rise to relations of experience exists prior to them neither logically nor temporally. The processual subject only comes into being through its relations with other subjects.” (Koutroufinis, 2014a, p. 16). In a word, no internal relations, no process.

To that end, we may distinguish a weak and a strong sense of process. Equating process with change entails a “light process philosophy.” In the non-philosophical usage of language this happens most of the time. Even Whitehead talks about the concrescence process (which is the actualization of an actual entity) and the transition process (which is the transition from one concrescence to the next one). Whereas “concrescence” denotes actualization and self-determination, “transition” may be understood as nothing more than change of position within classical mechanics, as in the movement of a car, a ball, or a planet. However, transitions consist of processes. Only a view from the distance gives the impression that the transition is a mechanical movement. In contrast, in our view, process in a strong sense (à la Whitehead or Bergson) is a becoming that determines its own aim through its own actualization. In order to do so, it specifies its relations to the facts of the world. It is the self-determining entity that decides what role the facts of the world will play in its self-determination. It is a self-determining experiential act embedded in an Umwelt.

Let us reiterate that we are not demanding organicists to embrace Whitehead's philosophy of organism. We are calling attention to the metaphysics that operates underneath one's theory (which in turns frames the data we collect and how we interpret it). However, some researchers may claim that they have no philosophical commitments, or that one's philosophical stance is irrelevant to science. In the worst-case scenario, a covert substance ontology lies at the bottom.



APPLICATIONS ACROSS DISCIPLINES

Whitehead's thought has concrete implications and finds specific applications to a wide range of important questions. Not only is it more inclusive of the evidence but, under its lens, many disciplines become integrated, namely, they cease to be “externally related.” Let us illustrate several key cases:

First, Whitehead's metaphysics provides a philosophical basis to the universal experience that “nothing lasts,” without overstressing it to a point where everything would simply be pure change. As John Dewey wrote: “The modern Heraclitean is Alfred North Whitehead, but he is Heraclitus with a change. The doctrine of the latter, while it held that all things flow like a river and that change is so continuous that a man cannot step into the same river even once (since it changes as he steps), nevertheless also held that there is a fixed order which controls the ebb and flow of the universal tide” (Dewey, 1998, p. 219).

Second, Whitehead's philosophy is coherent with quantum mechanics (Epperson, 2004) when it comes to articulating a philosophy that can affirm, without self-contradiction or cumbersome contortions, that “there is no nature at an instance” (including non-locality in space). That is, time without duration is an abstraction. Note that, before Whitehead, the paradigm changes of modern physics had not taken place yet. After him, and despite the fact that most of logical positivism was motivated by the change of view brought about by Einstein's relativity theory, very few philosophers had Whitehead's mastery of mathematics allowing to integrate such advances into their philosophical schemes. A process conception of reality takes temporality seriously. Creativity takes time. There is process all the way down.

Third, Whitehead's organic doctrine entirely resonates with the claim that “nothing exists in itself.” Process thought entails a radical ecological position. Ecology here is not to be understood as recycling plastic bags but as giving primacy to a relational conception of nature, rejecting classical physics and neo-liberal economics as the foundations of the natural and social sciences, respectively. Process thought provides the philosophical foundations of an ecological civilization and poses urgent corrections to the course of our human ways of life (Vltchek and Cobb, 2019).

Fourth, process philosophy has allowed great advances in theological thought [one may wonder who cares about theology, until realizing that scientific efforts to get rid of religion still carry deep rooted in their fundamental axioms a whole range of theological commitments; see for instance (Riskin, 2016)]. Process theology has dared to reject a fundamental pillar of traditional (substance-based) theology: the doctrine of an omnipotent creator. Under a Whitehedean perspective, God is not synonymous with “the Almighty” (it is not necessary to explain here what exactly Whitehead means by God, but it is certainly not the old-bearded man watching us from the sky). The “cosmic community,” as Barbour puts it, “is neither a monarchy nor a democracy, since one member is preeminent but not all-powerful” (Barbour, 1991, p. 3401). Beyond academic armchair corrections, this resolves a question that theology always struggled with, namely, how come there is evil in the world (Cobb and Griffin, 1976). Moreover, praying can then be conceived as an attempt to persuade God, rather than mere psychological talking-to-oneself (or, as Kierkegaard would say, “to change the nature of the one who prays”). Finally, and irrespectively of any particular religion or ethics, personal responsibility has a natural place in Whitehead's philosophy. Moral effort is real and meaningful.

Fifth, when it comes to theoretical psychology, how does Whitehead's philosophy apply to the study of the human psyche? To our knowledge, process thought has had fewer incursions in psychology than in other disciplines. A process-oriented conception of the human being has been discussed in the context of psychiatry (Koutroufinis, 2002) and psychotherapty (Cobb, 2000). In turn, an affect-based account of human experience and emotion can be extrapolated from Whitehead's critique of pure feeling (Shaviro, 2009).

Sixth, in neuroscience, scarce but valuable explicit connections have been established between Whitehead and neurons. Building on a neuro-ecological model of the brain (Northoff, 2016a), a process-based ontological characterization of the brain has then been proposed (Northoff, 2016b), allowing for a (brain-based but not brain-reductive) reformulation of the mind-body problem as a world-brain problem (Northoff, 2018).

Finally, rejecting simple location has implications in the context of the study of perception. To that end, one would need to deal with Whitehead's theory of prehensions. However, doing so would immediately become involved and excessively technical (since, in order to explain what a “prehension” is, one would need to explain Whitehead's “actual occasions,” which in turn requires to know about “eternal objects,” and so on). Therefore, we shall briefly mention Bergson's 1896 book, Matter and Memory (Bergson, 1896), where he proposed a theory of perception that can be considered a precursor of modern process thought in the realm of cognitive sciences. According to Bergson, we do not perceive the objects of sensation in our brains but in these very objects (which, in turn, reminds us of Berkley's views). In connection with Whitehead's theory of prehension, perceivers prehend the objects of their sensation by participating in them. Both Whitehead and Bergson make clear that perception is an extremely reduced image of the picture; one that emphasizes the aspects of the perceived image that are useful to the perceiver (Bergson, 1896; Whitehead, 1933). We see, hear, or smell things because we are interdependent with those perceived things. The “objects” that I perceive are those that reflect the possible action of my body upon them. Conversely, perception is a selection of the virtual action of my body on them; a solicitation of the activity of my body. Despite their differences, Bergson's and Whitehead's theories of perception and memory share fundamental processual aspects.

Let us briefly consider the enactive approach (Gallagher, 2017), as it is not immune to substance metaphysics. Proposing an alternative to cognitivism, “4E(A) Cognition” goes beyond the brain, stressing that every neural subject inhabits a body, which in turn inhabits a world that it acts upon. Minds are not neural software, nor are bodies mere vehicles. Cycles of embodiment are deemed constitutive of subjective experience. The mind-body problem is rephrased as a body-body problem (a key distinction is made between “lived body” and “living body,” which we cannot cover here). Ceasing to be localizable, the mind is “spread out” in space and time, and characterized as a process. By “process” here one usually means a set of interactions whereby the system evolves in time. However, and despite the much-needed critique of neurobiological reductionism (Fuchs, 2018), it is often unclear what ontology lies beneath such phenomenology, and whether or not it subscribes to external relations. While stressing the importance of interactions, the 4E approach can operate in the direction of stressing relations as constitutive while still rejecting internal relations. Again, it all depends on the philosophy that such approaches adopt, knowingly or not.

Let us also appraise the ecological approach to perception and action (Gibson, 1979) which, like enactivism, is related (but peripheral) to the main focus of this manuscript. A first note of caution is to avoid lumping together the ecological and the enactive views (Fultot et al., 2016; Segundo-Ortin et al., 2019). The ecological approach adopts a realist ontology, advocating for direct perception, and rejecting mental constructions (Reed, 1996; Chemero, 2011). Although such an ontology (Turvey, 1992; Stoffregen, 2003) does not need to subscribe to external relations, there is still the issue of whether it nevertheless embraces a substance metaphysics or, like Whitehead's, a process one. Things get even more intricate when one realizes that it may not even make sense to talk about a human-centric phenomenology of the ecological approach since, once species-centrism is rejected (the principles of perception and action as not being different in kind across animals) access to “alien” phenomenology would remain out of reach.

We thus suggest that Whitehead's organic realism can provide an explicit grounding to the rather undetermined ontological basis of 4E approaches (enactivists expect to be realists), while offering to the ecological approach (to its non-naïve direct realism) a concrete metaphysics that does without substances.

In sum, although there seems to be a gradual reorientation toward process thought by the mainstream heterodoxy both in science and philosophy, we voice the concern that if relations remain external, then such efforts can ultimately become obstructive. Wherever there is an attempt to move toward a relational framework, substance ontology can sneak in again and hinder progress. In a way, process thinkers neglect Whitehead at their peril. Even if one decides to reject Whitehead's proposal, spelling out the Whiteheadian consequences of different philosophical approaches to accounts of perception, action and cognition may, at least, encourage scientists and philosophers to be more explicit and precise about their commitments.



OUTLOOK

The main mission of this article has been to draw attention to the bias of certain pervasive and arguably pernicious abstractions. Such abstractions have their common root in the ubiquitous and covert assumption of “simple location,” which is often presented as an empirical fact. Following Whitehead, we have called this into question, namely, the habit of the intellect to believe that things are simply-located in space and time; the idea that the world is made of things that are simply where they are. The rejection of this worldview has major consequences. More precisely, simple location incurs in the fallacy of locating concrete particulars in definite portions of space and time. Particulars are not particles. When applied to space, simple location precludes wholeness; when referred to time, it precludes creativity. The triumph of such abstractions has however prompted some of the technological development that we now enjoy. Indeed, “[t]he world of science has always remained perfectly satisfied with its peculiar abstractions. They work, and that is sufficient for it” (Whitehead, 1925, p. 66). Yet, granting scientific engineering their achievements, one must also address their contributing to the destruction of our planet (which we will not discuss here). The argument that “they work” takes technological progress and comfort as ultimate values (a claim as indispensable as indefensible).

Still in operation today, such a scientific-philosophical framework is too narrow for modern science; “it provides none of the elements which compose the immediate psychological experience of mankind. According to that scheme, there is no reason in the nature of things why portions of material should have any physical relations to each other” (Whitehead, 1925, p. 73). Paradoxically, a great deal of twenty-first century biology and cognitive neuroscience is still based on foundational ideas of seventeenth century natural philosophy and theology.

A key to abandoning simple location is the concept of field, which resonates with the notion of internal relation. A field is the set of conditions that make the event possible. For Leibniz everything is linked, everything is full, everything is continuous. We do not know if reality is continuous or discrete, or both. The problem probably has no solution and, as in the case of the One and the Many, all the solutions have been false closures. Physics tried to solve the dilemma through the concept of field, which is conceived as the continuous distribution of a preponderant condition or magnitude, described mathematically by a gradient. The concept of field, associated with structure and correspondence, has been growing in importance in physics and this relevance is now projected to biology and the neurosciences. The field can be understood as the vital space of an organism and as the totality of the possible events from which the organism's behavior will derive. If the notion of field has become essential for inert matter, it will be even more for living matter.

To use Whitehead's example: “green is not simply at A where it is being perceived, nor is it simply at B where it is perceived as located; but it is present at A with the mode of location in B. There is no particular mystery about this. You have only got to look into a mirror and to see the image in it of some green leaves behind your back” (Whitehead, 1925, pp. 70–71). Thus, the rejection of simple location is not only the denial of the self-absorbed nature of material objects in empty space, but it literally provides a different worldview from which to conceive perception.

Symmetrically, the adoption of the doctrine of internal relations is the basis for a different worldview in which things are not “out there.” It is not by chance that Whitehead traces the critique back to Berkeley: “It is in the search for this wider basis for scientific thought that Berkeley is so important. (.) the key of the problem lies in the notion of simple location. Berkeley, in effect, criticizes this notion” (Whitehead, 1925, p. 67). Whitehead brings forward—perhaps more vigorously, but also in a more balanced way— a critique that Berkeley pioneered. The Irish philosopher questioned the existence of self-absorbed objects (and he did so much earlier than Kant's discussion on the “thing in itself”). Berkeley's philosophy of perception can be summarized in one sentence: To be is to perceive or be perceived (Esse rerum est percipi). Namely, to be is to be noticed. Once perception and being are equated, the world ceases to be made of things as autonomous beings.

Why should we call primary that which cannot be experienced? Once one commits to the distinction between primary and secondary qualities, conclusions are concealed in the premises. When perception is degraded in favor of measurement, experimentalists cease to be empiricists. Such strategy indeed creates an objective frame of knowledge. To say that space and time are the preconditions of experience is backwards. Experience and consciousness do not admit any mediator; they are given in immediacy. For Berkeley, the world presents to us in our perceptions, rather than being represented in them. We have been told repeatedly that our senses betray us. And that the tree would fall if nobody is looking at it. Leaving his extremely idealist position aside, “being as perceiving” has a major advantage: it can dispense with simple location. For Berkeley, perception is not in the subject who perceives, nor in the object perceived. It is neither in both at the same time, nor even between both. Perception is, on the contrary, what sustains them both. It is their foundation. From this worldview, the world is not made of “things,” but of perceptions, which are pointers to other perceptions. Things, being perceptions, are here and there at the same time. They are from where they look and in what they look.

As Borges remarked with unrivaled genius, there is that strange habit in which some qualities are considered substantives and other adjectives (Borges, 1925). And yet, nature is not static like a noun or secondary like an adjective, but durational like a gerund and circumstantial like an adverb. The object-subject distinction is disorienting. It already presupposes a metaphysics of differentiated subjects with privative predicates. “We find the world's contents grouped into things and their qualities” (Bradley, 1893, p. 19). Both, matter and mind, body and soul, are substantives “too big” for Borges.

We have seen how Whitehead's philosophy is tilted toward the radical empiricism of Berkeley or James, in which reality is identified with experience. He attributes experience to all things in the world. Berkeley had pointed in that direction, but no one like Whitehead had brought so far the identification of experience with reality. The implications of pan-experientialism, and its often-missed precise relation with pan-psychism (and the critiques therein) are beyond the scope of the present manuscript. If one claims that all is perception, one is soon haunted by the doubt about who sustains the tree that nobody sees. We do not need to suppose a God that sees it and sustains it, nor to admit that the tree disappears. Those who perceive it hold the tree. The earth feels the roots, and the wind the leaves, and the nest the branch.

Whitehead coined the term “eternal object” (which we cannot explain here due to its technicality) to distance himself from the concept of essence. His philosophy is a critique of modern philosophy, from Descartes to Kant, which has interpreted nature and the human being through the category of substance, justifying in this way the reproach to build a solipsist perspective, rather than understanding all real essences as subjects, which is the position that Whitehead adopts and that he calls the “reformed subjectivist principle.” The successful defect of the physical-mathematical scheme of the seventeenth century was to decide that reality is made of substances of independent existence. This was the starting point of scientific materialism, which gave way to mechanicism. The notion of simple location is a Newtonian mirage. The classical substance is self-contained, and it cannot be “in” another substance. The real, the concrete, is a continuous process of self-identity. Entities penetrate one another. They are in themselves and in other identities.

In sum, what happens when we bite an apple and experience its flavor? Berkeley would suggest that the flavor of the apple is not to be found in the apple itself, nor in the person that tastes it, but in the gathering of both (Berkeley, 1710, I.1). Here we have argued that this is not only applicable to flavor, but that it can be extended to a wide range of perceptions and thoughts. An apple is also the confluence of a seed, a tree, the rain, and the harvest. What we call “things” are actually processes. Things are encounters. Identities are crossroads. A flavor is not different from that other encounter we call a person. The things we perceive and imagine are gatherings and they have a provisional character. Such essential conditionality is what Buddhists call emptiness. Accordingly, one cannot say that the truth of the fugacity of things is an eternal truth, otherwise it would transform it into a product of the same kind of error as that which it denounces. The truth of the provisionality of identities is itself provisional and gets involved with a certain character of irony (passing truth has a soothing effect on imagination). The core of the problem of identity is that A = A is either a truism or false.

In fact, one of the most original ideas of the ancient Mahayana Buddhism (Nāgārjuna, 2011, 2.19, 6.4–5, 10.16, 20.19–20) was its critique of the notion of identity: there are not two identical things in nature; nothing is identical to another thing. According to this view, identity is impossible (A=A is a fallacy). If one cannot find in the world two equal beans, two exactly same cogs, even less two identical hopes or living beings. Not only there are no two equal grasshoppers, but, since they live in time, each grasshopper could never be identical to itself. The person that started to read this paragraph is not the same as the one who finishes it.

Berkeley was discarded too precipitately. And Whitehead's philosophy is still ungrasped. Whiteheadean or not, our exploration of inter-identities beyond reductionistic and mechanistic stances (even when covert in organicism) suggests to rather conceive them as intra-identities. We have a fascinating challenge: to be able to think of relations not between but within.
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FOOTNOTES

1Let us note that, first, internal relations do not denote a contrast between inside and outside (internal vs. external), but between intrinsic vs. extrinsic. Second, Moore discussed internal relations before Whitehead, but not in the same sense (Moore, 1919). Third, one must be cautious with some definitions of the notion of internal relation, especially when provided by analytic philosophers, influenced by Russell (see for instance Stanford Encyclopedia for Philosophy about internal and external relations). He thought that internal relations determine the related beings and thus make freedom impossible. Russell favors external relations, but he did not think in terms of transformation of essence. Yet, self-determination of human essence through internal relations to other essences is arguably the highest form of freedom.

2“Al descender hasta los microprocesos nos ha fallado el supuesto substancial; pero como íbamos cabalgando sobre los mismos procesos, haciendo caso omiso de su relación con una substancia, resulta que no nos hemos dado cuenta del cambio de corcel. Hemos abandonado la substancia y nos hemos quedado con la sola función. La sorpresa surge cuando se quiere atribuir substancialidad a los que eran simples comportamientos, o mejor dicho, meros cambios de propiedades de unas remotas substancias que ya no estaban inmediatamente ‘sustentando' los procesos elementales” (Panikkar, 1961, p. 281).



REFERENCES

 Barbour, I. G. (1991). Religion in an Age of Science. The Gifford Lectures. San Francisco, CA: Harpercollins.

 Bergson, H. (1896). Matière et mémoire. Essai sur la relation du corps à l'esprit. Paris: Presses Universitaires de France.

 Berkeley, G. (1710). A Treatise Concerning the Principles of Human Knowledge. The Project Gutenberg.

 Borges, J. L. (1925). Inquisiciones. Buenos Aires: Editorial Proa.

 Bradley, F. H. (1893). Appearance and Reality: A Metaphysical Essay. London: Unwin Ltd.

 Canales, J. (2015). The Physicist and the Philosopher. Princeton, NJ: Princeton University Press. doi: 10.1515/9781400865772

 Capek, M. (1971). Bergson and Modern Physics: A Reinterpretation and Re-Evaluation. Dordrecht: Reidel Publishing Company.

 Capek, M. (1991). “Simple location and fragmentation of reality,” in The New Aspects of Time, ed R. S. Cohen (Dordrecht: Kluwer Academic), 167–190. doi: 10.1007/978-94-009-2123-8_10

 Chemero, A. (2011). Radical Embodied Cognitive Science. Cambridge, MA: The MIT Press.

 Cobb, J. B. (2000). Process phsychotherapy. Process Stud. 29, 97–102. doi: 10.5840/process200029124

 Cobb, J. B., and Griffin, D. R. (1976). Process Theology: An Introductory Exposition. Louisville, KY: Westminster John Knox Press.

 Dewey, J. (1998). The Essential Dewey: Pragmatism, Education, Democracy. Bloomington, IN: Indiana University Press.

 Epperson, M. (2004). Quantum Mechanics and the Philosophy of Alfred North Whitehead. New York, NY: Fordham University Press. doi: 10.5422/fso/9780823223190.001.0001

 Feiten, T. E. (2020). Mind after Uexküll: a foray into the worlds of ecological psychologists and enactivists. Front. Pyschol. 11, 1–10. doi: 10.3389/fpsyg.2020.00480

 Fuchs, T. (2018). Ecology of the Brain: The Phenomenology and Biology of the Embodied Mind. Oxford: Oxford University Press. doi: 10.1093/med/9780199646883.001.0001

 Fultot, M., Nie, L., and Carello, C. (2016). Perception-action mutuality obviates mental construction. Constr. Found. 11, 298–307. Available online at: http://constructivist.info/11/2/298

 Gallagher, S. (2017). Enactivist Interventions: Rethinking the Mind. Oxford: Oxford University Press. doi: 10.1093/oso/9780198794325.001.0001

 Gibson, J. J. (1979). The Ecological Approach to Visual Perception. Boston, MA: Houghton-Mifflin.

 Gilbert, S. F., and Sarkar, S. (2000). Embracing complexity: organicism for the twenty-first century. Dev. Dyn. 219, 1–9. doi: 10.1002/1097-0177(2000)9999:9999<::AID-DVDY1036>andgt;3-.0.CO;2-A

 Gomez-Marin, A. (2020). “Evolution and what the intellect makes of it,” in Unprecedented Evolution: Continuities and Discontinuities Between Human and Animal Life and the Future of Humanity, eds S. A. Koutroufinis and R. Pikarsi (Anoka, MN: Process Century Press), 63–90.

 Gomez-Marin, A., and Arnau, J. (2020). When the part mirrors the whole: interactions beyond simple location. Available online at: http://philsci-archive.pitt.edu/16795/ (accessed January 08, 2020).

 Jaeger, J., and Monk, N. (2015). Everything flows: a process perspective on life. EMBO Rep. 16, 1064–1067. doi: 10.15252/embr.201541088

 James, W. (1909). A Pluralistic Universe: Hibbert Lectures at Manchester College on the Present Situation in Philosophy, Lecture VI. Harlow: Longmans, Green.

 Koutroufinis, S. A. (2002). On the understanding of process and creativity in the Berlin School of Dynamical Pyschology: a process philosophical reflection. Dyn. Psychiatry 35, 563–605.

 Koutroufinis, S. A. (2014a). “The need for a new biophilosophy,” in Life and Process: Towards a New Biophilosophy, ed S. A. Koutroufinis (Berlin: De Gruyter), 1–36. doi: 10.1515/9783110352597.1

 Koutroufinis, S. A. (2014b). “Beyond systems theoretical explanations of an organism's becoming: a process philosophical approach,” in Life and Process: Towards a New Biophilosophy, ed S. A. Koutroufinis (Berlin: De Gruyter), 99–132.

 Koutroufinis, S. A. (2017). Organism, machine, process. Towards a Process Ontology for Organismic Dynamics. Organisms: J. Biol. Sci. 1, 23–44. doi: 10.13133/2532-5876/13878

 Locke, J. (1689). An Essay Concerning Human Understanding. London: Penguin. doi: 10.1093/oseo/instance.00018020

 Longo, G. (2020). “Naturalizing physics. or, embedding physics in the historicity and materiality of the living,” To appear in Deleuziana, n. 11, special issue on “Differential Heterogenesis: Deleuze, Mathematics And The Creation of Forms,” April 2020.

 Longo, G., and Montévil, M. (2012). The inert vs. the living state of matter: extended criticality, time geometry, anti-entropy—an overview. Front. Physiol. 3, 1–8. doi: 10.3389/fphys.2012.00039

 Maxwell, J. C. (1992). Matter and Motion. New York, NY: Dover Books on Physics.

 Moore, G. E. (1919). External and internal relations. Proc. Aristot. Soc. 20, 40–62. doi: 10.1093/aristotelian/20.1.40

 Nāgārjuna, A. (2011). Mulamadyamakakārikāh. Fundamentos de la vía media. Transl. by Juan Arnau Navarro. Madrid: Siruela.

 Nicholson, J. N., and Dupre, J. (2018). Everything Flows: Towards a Processual Philosophy of Biology. Oxford: Oxford University Press. doi: 10.1093/oso/9780198779636.003.0001

 Northoff, G. (2016a). Neuroscience and Whitehead I: neuro-ecological model of brain. Axiomathes 26, 219–252. doi: 10.1007/s10516-016-9286-2

 Northoff, G. (2016b). Neuroscience and Whitehead II: process-based ontology of brain. Axiomathes 26, 253–277. doi: 10.1007/s10516-016-9287-1

 Northoff, G. (2018). The Spontaneous Brain: From the Mind–Body to the World–Brain Problem. Cambridge: MA: MIT Press. doi: 10.7551/mitpress/11046.001.0001

 Ortega y Gasset, J. (2015). Qué es filosofía? y otros ensayos. Alianza Editorial, Madrid: Gredos.

 Panikkar, R. (1961). Ontonomía de la Ciencia. Madrid: Gredos.

 Pask, G. (1980). “The limits of togetherness,” in Proceedings of the IFIP (Amsterdam: North Rolland Publishing Company), 999–1012.

 Prigogine, I., and Stengers, I. (1984). Order Out of Chaos: Man's New Dialogue with Nature. New York, NY: Bantam.

 Reed, E. S. (1996). Encountering the World: Toward an Ecological Psychology. New York, NY: Oxford University Press. doi: 10.1016/S0166-4115(05)80023-8

 Riskin, J. (2016). The Restless Clock: A History of the Centuries-Long Argument Over What Makes Living Things Tick. London:University of Chicago Press. doi: 10.7208/chicago/9780226303086.001.0001

 Santos, F., and Sia, S. (2007). “The fallacy of simple location and the ontologies of substance and event,” Personal Identity, the Self, and Ethics (London: Palgrave Macmillan), 91–114. doi: 10.1057/9780230590908_5

 Sarti, A., Citti, G., and Piotrowski, D. (2019). Differential heterogenesis and the emergence of semiotic function. Semiotica 230, 1–34. doi: 10.1515/sem-2018-0109

 Segundo-Ortin, M., Heras-Escribano, M., and Raja, V. (2019). Ecological psychology is radial enough: a reply to radical enactivists. Philos. Psychol. 32, 1001–1023. doi: 10.1080/09515089.2019.1668238

 Shaviro, S. (2009). Without Criteria: Kant, Whitehead, Deleuze, and Aesthetics. Cambridge, MA: MIT Press. doi: 10.7551/mitpress/7870.001.0001

 Simons, P. (2013). Alfred North Whitehead's process and reality. Topoi 34, 297–305. doi: 10.1007/s11245-013-9161-3

 Smolin, L., and Mangabeira Unger, R. (2014). The Singular Universe and the Reality of Time: A Proposal in Natural Philosophy. Cambridge: Cambridge University Press.

 Stengers, I. (2008). A constructivist reading of process and reality. Theor. Cult. Soc. 25, 91–110. doi: 10.1177/0263276408091985

 Stoffregen, T. A. (2003). Affordances as properties of the animal-environment system. Ecol. Psychol. 15, 115–134. doi: 10.1207/S15326969ECO1502_2

 Thompson, E. (2010). Mind in Life: Biology, Phenomenology, and the Sciences of Mind. Cambridge, MA: Harvard University Press.

 Turvey, M. T. (1992). Affordances and prospective control: an outline of the ontology. Ecol. Psychol. 4, 173–187. doi: 10.1207/s15326969eco0403_3

 van Gelder, T. (1995). What might cognition be, if not computation? J. Philos. 92, 345–381. doi: 10.2307/2941061

 Vltchek, A., and Cobb, J. B. (2019). China and Ecological Civilization. Badak Merah Semesta.

 von Uexküll, J. (1992). A stroll through the worlds of animals and men: a picture book of invisible worlds. Semiotica 89, 319–391. doi: 10.1515/semi.1992.89.4.319

 Whitehead, A. N. (1925). Science and the Modern World. Cambridge: Cambridge University Press, 1953.

 Whitehead, A. N. (1929). Process and Reality. New York, NY: The Free Press, 1978.

 Whitehead, A. N. (1933). Adventures of Ideas. New York, NY: The Free Press, 1967.

 Wittgenstein, L. (1980). Culture and Value. Chicago, IL: The University of Chicago Press, 1977.

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Gomez-Marin and Arnau. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	 
	CONCEPTUAL ANALYSIS
published: 30 March 2021
doi: 10.3389/fpsyg.2021.590533





[image: image]

Interactionism, Post-interactionism, and Causal Complexity: Lessons From the Philosophy of Causation

María Ferreira Ruiz1* and Jon Umerez2*

1Department of Philosophy, University of Bielefeld, Bielefeld, Germany

2Department of Philosophy, University of the Basque Country (UPV/EHU), Donostia/San Sebastián, Spain

Edited by:
Luisa Damiano, University of Messina, Italy

Reviewed by:
Matthew Fulkerson, University of California, San Diego, United States
Alfredo Paternoster, University of Bergamo, Italy

*Correspondence: María Ferreira Ruiz, mariaferreiraruiz@gmail.com; Jon Umerez, jon.umerez@ehu.eus

Specialty section: This article was submitted to Theoretical and Philosophical Psychology, a section of the journal Frontiers in Psychology

Received: 01 August 2020
Accepted: 28 January 2021
Published: 30 March 2021

Citation: Ferreira Ruiz M and Umerez J (2021) Interactionism, Post-interactionism, and Causal Complexity: Lessons From the Philosophy of Causation. Front. Psychol. 12:590533. doi: 10.3389/fpsyg.2021.590533

In biology and philosophy of biology, discussing the notion of interaction leads to an examination of interactionism, which is, broadly speaking, the view that rejects gene-centrism and gene determinism and instead emphasizes the fact that traits of organisms are always the result of genes and environments. It has long been asserted that the nature-nurture problem requires an interactionist solution of sorts, the so-called interactionist consensus. This consensus, however, has been deemed insufficient and challenged by several authors triggering an extension of the debate among contestants and defenders. Unfortunately, part of the problem is that the views on causation that would ground claims about interactionism are not always made explicit in this debate, which renders those views somewhat complicated to assess. Moreover, it seems to be assumed that causal complexity excludes the possibility of characterizing, distinguishing, or comparing among causal contributions. By turning to a detailed survey of the origin of the debate and to some developments in the philosophy of causation, we will contend that this view is unwarranted, and that much of the debate around interactionism is based on the drawing of this (wrong) conclusion. We also examine implications of this analysis for the project to develop a framework based on the notion of inter-identities.
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INTRODUCTION AND MOTIVATION: BIOLOGICAL INTER-IDENTITIES

This paper responds to the challenge posed by the Research Topic “Inter-identities’ in Life, Mind, and Society” which the call for papers (CfP, 2019) identifies as the “struggle to understand and model complexity in the living, the cognitive and the social domains” since the systems exhibiting such complexity are thought not to be easily amenable to “classical analytic and reductionist approaches.” The alternative we are urged to explore in this special issue amounts to being able to account for those systems in terms of their “interaction with other systems and the environment.” We attempt here to simultaneously reveal and warn against the potential and latent unawareness about the issues, difficulties and debates that haunt such an alternative.

In biology and philosophy of biology, discussing the notion of interaction leads to an examination of interactionism, which is, broadly speaking, the view that rejects gene-centrism and gene determinism and emphasizes the fact that traits of organisms are always the result of genes and environments. It has long been asserted that the nature-nurture problem requires an interactionist solution of sorts.

There is an ongoing debate around interactionism with a somewhat dizzying dialectics. First, it is not very clear who the opponent of interactionism really is. This should be evident from the moment that many refer to interactionism as consensus view, “the interactionist consensus.” Moreover, whilst there are some who share the spirit of interactionism, they hold the belief that it falls short of overcoming fundamental issues and an alternative perspective is required. These often regard themselves as critics of interactionism and adopt different names (here, we will call this the “post-interactionist” trend). There are also objections against those claims that interactionism is “enough,” that is, criticisms against criticisms of interactionism that seek to restore the interactionist stance.

There are important meta-problems surrounding the nature-nurture debate. There are complaints that there seems to be, as a matter of fact, an interactionist consensus that almost nobody challenges but which seems to be still poorly understood. Evelyn F. Keller neatly identifies a problem in the debate (Keller, 2010, p. 1). She has pointed out that one of the most remarkable features of the nature-nurture debate is how often it drives us into two apparently contradictory outcomes. One is the repeated announcement that the debate has been solved, precisely, through the general acquiescence that the answer simultaneously requires both aspects, whilst the other is the persistence of the discussion, nonetheless.

Other authors have also confronted previously this paradoxical situation of the (dis)solution of a problem that comes back continually and have been forced to make an effort of clarification in order to show that, though they propose to overcome the debate along these lines, the mere appeal to interaction, just a plain “both are necessary,” without any further development or precision, does not simply leave the problem unresolved but rather contributes to its perpetuation.

In this paper, we analyze various views and show that a main concern across such views is causal, even when adequate causal analysis is not usually invoked in the literature on the topic. Indeed, the core of the problem around interactionism is how to deal with causal complexity. Causal complexity is characterized by what is sometimes called polygeny (Molnar, 2003), that is, the fact that effects are typically brought about by multiple causes, and interaction, that is, the fact that causal factors do rarely, if ever, contribute with independence from other factors. Interactionism in general accepts this, but fails to move beyond simple statements of this very kind. Unfortunately, part of the problem is that the views on causation on which claims about interactionism would be grounded are not made explicit in this debate, which renders those views somewhat complicated to assess. Moreover, it seems to be assumed that causal complexity excludes the possibility of characterizing, distinguishing, or comparing among causal contributions. By turning to developments in the philosophy of causation, we will contend that this view is unwarranted, and that much of the debate around interactionism is based on the drawing of this (wrong) conclusion.

Finally, we intend to examine to what extent the difficulty in elaborating a substantive notion of interaction (interactionism), beyond the mere appeal to the necessity of taking into account diverse factors when trying to understand the organism, has any implications for the project to develop the idea of inter-identity in these and other fields. Our claim is that it does have such an impact and that accordingly we cannot ignore the exigency to cope with this in explicit terms in our theories and explanations.

The paper is structured as follows. Section “The interactionist consensus” outlines the so-called interactionist consensus, an alleged default view in biology and philosophy of biology. Section “Objections to Interactionism and Post-interactionist Alternatives” summarizes the main objections to standard interactionism and outlines two alternative proposals: Susan Oyama’s constructivist interactionism and Richard Lewontin’s dialectical biology. Next, in section “Vindications of Interactionism,” we address vindications of the standard interactionist stance put forward by Philip Kitcher and Kenneth Schaffner. The consideration of these views leads us into debates on the philosophy of causation surveyed in section “Discussion: Bringing the Philosophy of Causation to the Debate,” where we make our case that the interactionism debate in philosophy of biology tends to draw the wrong pessimistic conclusion from the recognition of causal complexity. In order to understand why and search for alternatives, first sub-section “Clarifying the Original Confusion at Source of the Debate” draws on Keller historical survey on the origin and transformation of the debate and, then, sub-section “The Problem of Causal Selection” frames her moral in the general issue of causal selection, and finally sub-section “Interactionism, Post-Interactionism, and Causation” briefly introduces, respectively, epistemic and ontological options to consider. Lastly, in section “Conclusion and Prospects for the Project,” on the basis of our analysis, we draw some conclusions and we discuss the implications of this work for the Inter-Identities project.



THE INTERACTIONIST CONSENSUS

The interactionist consensus emerges in opposition to what is perceived as tradition, characterized by an overarching gene-centrism. In such gene-centric tradition, biological phenomena pertaining both to evolution and to development can be accommodated in a series of dichotomous categories:

[image: image]

Where the gene/environment distinction in the table above assumes a few other forms:
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Disease etiology provides a good example of the dichotomy in action. Whilst some diseases are said to be genetically determined, or innate (the terminology varying with context), others are thought to be acquired, not determined genetically (e.g., Huntington’s disease is classified as genetic, whereas type 1 diabetes is considered to be non-genetic). In a contemporary setting, the dichotomic disease (etiology) classification does not resist much pressure. Virtually any researcher would acknowledge that genes “alone” cannot determine, cause, produce, or generate anything, and that they never act alone. Interactionism opposes genetic determinism of traits and a gene-centric tradition in biology. In this sense, genetic determinism is currently not a popular stance, and anyone would instead take pride in being an interactionist. Interactionism is the position that highlights the fact that traits of organisms are always the result of genes and environments. While interactionism is “boosted” by new empirical findings in cutting-edge fields, such as epigenetics, it nevertheless emerged before and independently of such recent achievements (Kronfeldner, 2009).

Notably, finding explicit and well elaborated characterizations of interactionist views (let alone of a philosophical style) is not an easy task1. This is perhaps precisely because it constitutes “a consensus” (Schaffer, 2016), or a sort of default position in contemporary research. It is clear, however, that a certain smooth continuity holds between non-interactionist views (e.g., genetic determinism) and interactionism: the latter preserves a strong dichotomous thinking (cf. Sterelny and Griffiths, 1999; Kronfeldner, 2009). Even if the innate/acquired dichotomy no longer seems to apply, as any trait is conceived as the result of different kinds of factors, it is precisely these kinds of factors that become a prominent and irreducible dichotomy. Indeed, the very formulation of an interactionist stance rests upon the partitioning of biologically relevant factors into genetic and non-genetic. This constitutes an important line of objections to interactionism by several authors who identify the dichotomous thinking as the ultimate problem underlying much of contemporary research and theorizing in biology. In the next section, we turn to such criticisms.



OBJECTIONS TO INTERACTIONISM AND POST-INTERACTIONIST ALTERNATIVES

In this section, we will outline the main objections raised against traditional interactionism and the alternative (i.e., post-interactionist) views they have motivated. We will consider two such post-interactionist approaches: the so-called constructivist interactionism and the dialectical biology view.


Interactionism as a Perpetuation of Fundamental Dichotomies and Their Asymmetry

As we advanced in the previous section, the interactionist solution is regarded with suspicion. Post-interactionist approaches target both traditional gene-centric evolutionary and developmental biology, but also the more recent “interactionist consensus” (cf. Sterelny and Griffiths, 1999; Kronfeldner, 2009) that, in their view, falls short of correcting the former’s bad habits. In that traditional view, which extends to contemporary biology, biological form is to be explained, in a kind of regressive manner, by pointing to a previous instance of form. Critics denounce that, unfortunately, this kind of explanation is not amended in regular interactionist replacements. This indictment is evidenced in this very famous warning2 by Oyama:

“But wait,” the exasperated reader cries, “everyone nowadays knows that development is a matter of interaction. You’re beating a dead horse.” I reply, “I would like nothing better than to stop beating him, but every time I think I am free of him he kicks me and does rude things to the intellectual and political environment. He seems to be a phantom horse with a thousand incarnations, and he gets more subtle each time around. What we need here, to switch metaphors in midstream, is the stake-in-the-heart move, and the heart is the notion that some influences are more equal than others, that form, or its modern agent, information, exists before the interactions in which it appears and must be transmitted to the organism either through the genes or by the environment. This supports and requires just the conceptions of dual developmental processes that make up the nature-nurture complex. Compromises don’t help because they don’t alter this basic assumption”    (Oyama, 2000), p. 26–27).

The point is that, in principle, interactionism considers such a dichotomous view to be a mistaken one because, as we have seen in section “The Interactionist Consensus,” it splits the empirical world into unwarranted (if not arbitrary) realms but, also, because it privileges one of the sides at the expense of the other. What the post-interactionist authors to be introduced next criticize is that, if interactionism arose as a corrective to the faults of dichotomous views, its standard versions do not actually achieve its goal. Their indictment is that interactionism leaves those categories untouched specifically by not addressing both the issue of how the allegedly interacting poles are defined and, mainly, the remaining problem of attributing a privileged status as essential cause to one of them. In their view this amounts to perpetuating the dichotomous approach that interactionism was supposed to supersede (Griffiths and Gray, 1994, p. 277).

Therefore, we have seen that interactionism has been widely accepted as a response to traditional dichotomous views, but objections extend to interactionism as well. According, for instance, to Developmental Systems Theory (DST) supporters, biologists and philosophers with “good manners” would call themselves interactionists and stop looking for either the genetic or the environmental origin of a trait. Rather, interactionists would stress the mutual influence of genetic and environmental factors and the more general nature/nurture debate would resolve in a quantitative way: “The question is no longer whether intelligence is innate or acquired, but instead whether intelligence is 50 percent or 70 percent genetic. DST rejects the attempt to partition causal responsibility for the formation of organisms into additive components. Such maneuvers do not resolve the nature/nurture debate; they continue it” (Oyama et al., 2001, p. 1).

In this way, judged from a critical stance, interactionism reinforces the mistake while seeming to correct it. In claiming that all phenotypes are the joint product of genes and environment, it retains all the opposing categories of the tradition and partitions causal responsibility in a very biased way: “two classes of developmental resources: genes and the rest” (Griffiths and Gray, 1994, p. 277). Things interact, interactions are important, but interactions necessitate distinct things that interact. As an example of such a conservative way of thinking, consider views that place information in loci other than genes, e.g., in the environment. Information, whether in the genes or in environments, still pre-exists, and it still presupposes two kinds of information sources, genetic, and environmental. Thus, DST places interactionism within the more traditional views.



Oyama’s Constructivist Interactionism

In contrast, Oyama is much more radical. The solution for her is not to stress how nature interacts with nurture, how genes interact with the environment or where information is located. Oyama (and DST) calls the very distinctions above into question and her view is therefore an attempt to do biology without such oppositions. She seeks for a way of thinking about development that does not rely on a dichotomous perspective, even implicitly, because she does not accept pre-established and extant inter-acting instances. This is why, lately, she and other proponents of DST have assumed the label of “constructivist interactionism” in order to differentiate themselves from a more standard and flawed kind of interactionism.

In Oyama’s view this is centrally an issue about genetic determinism. She thinks that genetic determinism is already inherent in the way we (commonly) understand what genes are and how they work, i.e., an understanding of them as containing a pre-existing information. Thus, for Oyama, the solution to this contemporary preformationism does not lie in opposing some contemporary epigenetic approach. Neither preformationism nor epigenetics were satisfactory in the past and will not be today. In her view, then, we need a novel view of ontogenesis, in which information is not pre-contained somewhere outside or inside the organism ready to be used, but where information itself develops, has an ontogeny, a developmental history. Information neither pre-exists nor arises from disorder and chaos. This is why DS theorists also claim that the nature/nurture debate is not dead and explicitly reject the option to distribute causes and add them up, as we have seen before (Oyama et al., 2001, p. 2),

Oyama and other DS theorists have advocated for the so-called causal parity thesis, which has been formulated in various ways. For instance, Oyama writes that she argues for “a view of causality that gives formative weight to all necessary influences, since none alone is sufficient for the phenomenon or for any of its properties.” (Oyama, 2000), p. 15). In turn,

“There is a fundamental symmetry between the role of the genes and that of the maternal cytoplasm, or of childhood exposure to language. The full range of developmental resources represents a complex system that is replicated in development. There is much to be said about the different roles of particular resources. But there is nothing that divides the resources into two fundamental kinds. The role of the genes is no more unique than the role of many other factors”    (Griffiths and Gray, 1994, p. 277).

We will return to causal parity in section “Vindications of Interactionism,” and particularly in sub-section “The Problem of Causal Selection,” when we address interactionism from the causal point of view. But first, we need to consider a related approach.



Lewontin’s Dialectical Biology

A related but distinctive approach is that of Lewontin and Levins (and collaborators). Through the years Lewontin (1982, 1983) has developed a perspective founded on the mutual “construction” of both the organism and the environment, instead of a lineal vision consisting on the adaptation of an organism to a niche that is taken as given, and has later rounded out it with the inclusion of the gene within a triadic approach (Lewontin, 2000a: The Triple Helix. Gene, Organism and Environment). Consequently, in this last survey, both the relation gene-organism and the relation organism-environment are equally questioned. Moreover, the reexamination made by Lewontin of the three items included in the title of his book puts them explicitly in connection with the necessity to also develop an appropriate dialectics of “parts and wholes” or, in other terms, with the necessity to relate levels of organization and articulate what inter-level relations are and what do they imply (Umerez, 1994, 2016).

A dynamic understanding of this framework of relations amounts to the approach that Levins and Lewontin (1985) identified as dialectical biology (1985), an approach that implies, at least, the following tenets. First, the reconsideration of the way to understand causes, which invites us to go beyond the analysis of causes through linear models and reminds us that in genetics and development we cannot truly partition the amount of variation in a phenotype into different causes or treat several causes as additive in the production of an effect. In this sense, we cannot treat causes as independent and separable from each other. Lewontin already said in his landmark article on the analysis of variance and the analysis of causes that “[I]f an event results from the joint operation of a number of causative chains, and if these causes “interact” in any generally accepted meaning of the word, it becomes conceptually impossible to assign quantitative values to the causes of that individual event. Only if the causes are utterly independent could we do so” (Lewontin, 1974, p. 402). Unfortunately, the latter is not the case in the biological realm.

Secondly, they warn us about certain assumptions that also pervade interactionist perspectives and that tend to separate the organism from the environment, not considering the effect of the former on the latter, and to allocate ontological priority to the individual over the collective (in human sociality) (Lewontin et al., 1984, p. 270). A third aspect central to this view is the necessity to incorporate explicitly an analysis of levels of organization and of the relations among those levels (Lewontin et al., 1984, p. 277ff). Finally, a fourth aspect urges us to take into account the impact of random effects on development (developmental noise) (Lewontin, 2000a, pp. 17–18, 38).

Lewontin, in his “Foreword” to the new edition of Oyama (2000), characterizes the “usual interactionist view” as asserting that “there are separable genetic and environmental causes, but the effects of these causes acting in combination are unique to the particular combination,” a characterization he finds unsatisfactory since it does not challenge “the ontologically independent status of the causes as causes, aside from their interaction in the effects produced” (Lewontin, 2000a, p. xiv). This is why Lewontin, even if he thinks that Oyama’s analysis of the ontogeny of information does indeed overcome such a shortcoming, prefers to maintain a more clear departure: “It is this claim about causes that Oyama, in this new edition, calls “constructivist interactionism,” but that I would characterize as dialectical in order to emphasize its radical departure from conventional notions of interaction” (Lewontin, 2000b, p. xv).



VINDICATIONS OF INTERACTIONISM

In the previous section, we have summarized two representative, and related, sorts of criticism to interactionism and we will now present two equally representative answers to those criticisms implying some kind of qualified defense of interactionist claims. They are, moreover, two lines of response that enter in direct and explicit discussion with those very criticisms.


The Heuristic Value of Post-interactionism

Philip Kitcher is a well-known critic of DST and related views. He defends an idea of causal democracy while also vindicating the genes/environment distinction and the value of heritability analyses and the notion of a norm of reaction, which are built on the basis of such a distinction. He takes on the conviction of Lewontin and DST that genetic determinism is not as dead as it might seem and that someone still needs to make the stake-in-the-heart move (Oyama, 2000).

In a chapter with a rather flamboyant title (Kitcher, 2001) contributed, precisely, to the second of two volumes published in honor of Lewontin (Singh et al., 2001), Kitcher faces the challenge of what he is going to describe as “both versions of the transinteractionist3 approach” (p. 408). Starting with a detailed analysis of the notion of norm of reaction, he disputes both Lewontin’s and Oyama’s position and their criticism of the conventional interactionist interpretation. In his view, there is no fundamental error that explains the persistence of determinism in biology, and thus there is no need for a reconceptualization of parts of it, as Lewontin or DS theorists have suggested in different ways. Rather, he thinks, it persists because biologists misapply correct views.

He attributes biologists themselves a preference for simple over complex explanations and a certain difficulty in explaining complex science to the public. However, he admits that a serious consequence of this inability is precisely the widespread persistence of the idea of genetic determinism. He adds that, therefore, he understands Lewontin’s and Oyama’s motivation to call for a new approach. Nevertheless, he fears that the radicalism of their indictment and alternative view helps to strengthen genetic determinism rather than weaken it. He is also afraid that it distances scientists from working efforts to explore non-genetic factors.

Kitcher examines and opposes four main claims defended by “trans-interactionists” (where he places Lewontin, Oyama, Griffiths, Gray) against genetic determinism, three of which are particularly relevant from the point of view of parity: (i) that organisms and environments are inter-dependent, (ii) that there is developmental noise in the production of phenotypes and this undermines the partitioning of causes in norms of reaction, (iii) that the singling out of genes against background environmental conditions is a misguided abstraction from a complex causal situation, and (iv) that the notion of a “gene for a trait” cannot be coherently reconstructed. The third claim is very relevant here. Since interactionists acknowledge that many factors intervene in development, they support a principle of causal democracy:

Causal democracy: if the effect E is the product of factors in set S, then, for any C ϵ S, it is legitimate to investigate the dependence of E on C when the other factors in S are allowed to vary.

This can be implemented by taking E to be a phenotypic trait, C to be a particular genotype, and S to be a large set of factors in the total environment. In this case, the principle renders legitimate the strategy that investigates the dependence of a trait on a genotype while allowing other factors to vary just as much as it renders legitimate the strategy of investigating the dependence of the trait on some environmental factor, allowing the genotype to vary. Technically, the principle allows for various ways of conducting causal analysis. But if this is the case, then the principle gives no special privilege to representations that put the role of genes at the forefront. But even more importantly, and for the same reasons, the principle does not render norms of reaction incongruent or illegitimate. In his view, “we can move on from the blanket charge that any kind of separation out of causal factors does violence to causal complexities of development” (Kitcher, 2001, p. 404).

On the other hand, he advocates a pragmatic and pluralistic stance that embraces a very rigorous and restrained use of every technique that biologists have at hand, both because they are helpful and valid to investigate, at least partially, well-formulated questions and specific and very concrete issues (staying away from easy and rapid conclusions) and because we do not have other means (pp. 407–408). Referring to hypothetical different set of models, he regrets that “neither Lewontin’s “dialectical biology” nor the “developmental systems theory” pioneered by Oyama offer anything that aspiring researchers can put to work” (p. 408).

Oyama has protested in a detailed rebuttal explaining why she thinks that Kitcher misrepresents both the positions of standard interactionism as well as those of its critics (Oyama, 2001, p. 179) but we will not follow this path. Instead, we will now bring here another response that confronts directly Kitcher’s skepticism about the prospects of critical approaches to offer alternative but feasible avenues of research. Following the trend for flamboyant titles, Griffiths (2006) supports Oyama’s view that there is an inherent theoretical problem in the way we conceptualize genes and, referring to her famous quote mentioned above, he says that “[P]roof that developmental information is not localized in the genes is the ‘stake in the heart’ that will lay the vampire of genetic determinism to rest” (Griffiths, 2006, p. 176). In order to argue for this claim, he examines “the fallacious ways of thinking about genetic causation that make up genetic determinism, considering that they are the natural consequence of attributing semantic properties to the gene” (pp. 177–189). Then, he adds data from an empirical survey of biologists that shows “an apparent association between endorsing informational representation of the gene and being relatively uninterested in contextual effects on gene expression” (p. 177, pp. 189–190). And, finally, he will try to prove Kitcher to be mistaken by disclosing what he considers is “a substantial research tradition in developmental psychobiology that fits the prescriptions of developmental systems theory” (p. 177, pp. 190–192).

So, what is at stake is, on the one hand, the clarification of the epistemological and sociopolitical implications of the concepts and theories that are embraced by each approach (avoiding potential misunderstandings) and, on the other, the assessment of the heuristic and practical possibilities for research that they, respectively, open up. The second response we bring to this work directly addresses both of them.



An Empirical Defense of Interactionism

In a recent book, Behaving. What’s Genetic, What’s Not, and Why Should We Care? (2016), Schaffner (2016) selects Behavioral Genetics as the scientific research area serving as assessment target for what he calls the developmentalist challenge in “the discussion about genes and behaviors and the nature-nurture controversy” (p. 2). In this book Schaffner gathers together, and elaborates further, previous work he had been producing over the years and which has been published in scattered articles and book chapters. Importantly for our purposes in this paper, the main thesis of that book is that “… only by examining quite recent work at the interface of molecular genetics, neuroscience, and behavior can some of the controversies raised by the developmentalist challenge be clarified, and at least partially settled” (p. 74).

Addressing the two issues we have said were at stake here, Schaffner offers us, on the one hand, elements to clarify potential allegations of misunderstanding through a detailed analysis of the conceptual tenets that, according to the author, most (if not all) critics share regarding those previously mentioned discussion and controversy. Such a detailed examination is built stepwise through a careful characterization of 11 theses that allegedly separate what he calls developmentalist (this is, our “post-interactionist”) positions from traditional views (p. 2), covering 7 “sins” about causation and 4 “mistakes” about the nature-nurture relation4.

On the other hand, Schaffner offers a concrete way around the challenge we have seen in the previous section concerning the heuristics of the post-interactionist alternative by confronting it against scientific practice in behavioral genetics, specifically the work on the behavior of C. elegans, and psychiatric genetics. He does so through the definition of 8 rules that connect genes and behavior, which are derived from his survey of empirical work carried out over the years on that model organism: Eight Rules relating Genes (through Neurons) to Behavior in C. elegans. Those general principles that allegedly govern the relation between genes and behavior in C. elegans research are, according to Schaffner, the following (pp. 82–93): many genes → one neuron; (ii) many neurons → one type of behavior; (ii) one gene → many neurons (pleiotropy); (iv) one neuron → many behaviors (multifunctional neurons); (v) stochastic [embryogenetic] development → different neural connections; (vi) different environments/histories → different behaviors (learning/plasticity, short-term environmental influence); (vii) one gene → another gene …→ behavior (gene interactions, including epistasis and combinatorial effects); and (viii) environment → gene expression → behavior (long- term environmental influence). Schaffner indicates that the arrow (→) can be read as “affect(s), cause(s), or lead(s) to” (p. 93).

Once the conceptual positions in conflict are unambiguously specified and the general principles of a sensitive area of empirical research are detailed, Schaffner proceeds to assess how well do the classical and the developmentalist approaches succeed in this confrontation. In other words, the very test or challenge posed by Kitcher: “What do successful research programs in C. elegans area tell us about the soundness and applicability of these concepts?” (Schaffner, 2016, pp. 95–96).

In order to do that, Schaffner summarizes the 5 concepts that he thinks are central to developmentalist approaches in opposition and as response to the 11 theses that characterize traditional approaches (its seven deadly sins and four major mistakes). Those five core concepts found in the developmentalist challenge are: (i) Causal parity, in the sense that genes are on a par with other factors: (ii) non-preformationism, denying that traits are in any sense represented in the genes; (iii) contextualism, assuming that genes have no meaning outside of a context including other genes and encompassing circles of environment; (iv) indivisibility, in the sense that the effects of genes and environment cannot be distinguished in the traits, and (v) unpredictability, claiming that not even a total knowledge about genes and environment allows the prediction of traits (implying their emergent nature) (pp. 95–98).

The final result is quite interestingly a mixed one showing, on the one hand, that the extreme complexity of the relations could render traditional approaches to genetic explanation inadequate and, on the other hand, that some of the alternative general principles are not always and completely satisfied either, leaving ample space for more nuanced and intermediate research strategies and conceptual explanations. Although he questions the indivisibility and unpredictability theses, he accepts the causal parity thesis:

“No C. elegans investigator ever thinks genes act alone (…) Thus, causally, genes have parity with other molecules as severally necessary and jointly sufficient conditions (to produce traits), but epistemically and heuristically, genes do seem to have a primus inter pares status, even in an increasingly ‘epigenetic’ age” (p. 96).



DISCUSSION: BRINGING THE PHILOSOPHY OF CAUSATION TO THE DEBATE

Causal concerns run through the entire debate. As we have seen, early views, such as Oyama’s, are committed to causal parity. The dialectical view, in turn, has as one of its main tenets the idea that the amount of variation in a phenotype cannot be partitioned into different and separable causes. On the other hand, we have seen that Kitcher’s criticisms against post-interactionists are partially based on his claim that, if genetic determinism persists, it is not so much due to actual views on genetic causation, which are not flawed, but to simplifications of such views. Schaffner’s examination of the post-interactionist thread is also centered around causation, as he associates the thread with the “sins” about causation that we have reviewed. As it is known, post-interactionists endorse a thesis of causal parity; however, it is interesting to note that critics of this tradition such as Schaffner and Kitcher do not straightforwardly reject (some version of) it. Indeed, Kitcher accepts the principle of “causal democracy,” although for him this principle says less about the biological phenomena than about the investigative strategies that scientists are justified in following. And Schaffner also concedes that, in C. elegans research, causal parity is admitted in principle –even if genes are often privileged epistemically and heuristically.

Thus, the debate around interactionism leads us to discuss issues in the philosophy of causation. One would expect the fuss to originate from the lack of consensus with regard to how to deal philosophically with complex causal relations in biology –specifically, in what respects the joint occurrence of genetic and environmental factors. Unfortunately, the views on causation upon which claims about interactionism are grounded are not made explicit in this debate. In this section, we contend that much of the debate around interactionism is based on the drawing of the wrong conclusion from causal complexity, that is, that causal complexity excludes causal analysis.

As can be seen in the overview provided in previous sections, it seems that many philosophers of biology are too puzzled and pessimistic about polygeny in development. From this, many of them draw what we think is an unwarranted conclusion: that causal complexity excludes the possibility of characterizing, distinguishing, or comparing among causal contributions. Interestingly, this seems to be an issue common to interactionism and post-interactionism alike: the two views fail to go beyond very simple statements about single causes not being sufficient to produce an effect, but readily subscribe to a thesis of causal parity.

This conclusion, however, should be deemed highly pessimistic: it condemns the entire philosophical project of performing causal analysis of natural phenomena to failure, to the extent that causal complexity is more of a rule than an exception in the natural world. But, has anyone in the interactionist debate provided solid reasons to endorse such a pessimistic conclusion? We claim that they have not and, in the next three sub-sections, we will try to argue why.

First, turning to Keller’s (2010) conceptual and historical reconstruction, we will highlight the apparently (but not truly) obvious relevance of clarifying epistemologically what is originally at stake in the debate. Then we will expand the scope in order to insert the postulates of the debate within the more general issue of causal selection, where such an epistemic option finds its rationale. Finally, we will explore the prospects a more ontologically engaged approach could offer.

If our arguments in this section hold, in the last one, we will conclude that a great deal of the difficulty involved in the debate about interactionism stems from the wrong inference we have identified, and we will extract some consequences for the project about inter-identities (CfP, 2019).


Clarifying the Original Confusion at the Source of the Debate

Let us return for a moment to Keller’s remark, mentioned in the introduction, on the perdurability of the issue(s) at stake here. Despite the discussions we have briefly depicted using some representative positions and, allegedly, the resulting clarification of the questions involved, Keller finds nevertheless, and to her amazement, that the debate on interaction remains practically the same (particularly in the wider public realm). This, for the most part, simply restates the limitations of the standard interactionist solution, as many critics have already reminded us.

In short, the point is that any easily manageable notion of interaction requires pre-existing causal factors that are theoretically separable and this is precisely what we do not get in the complex and intricate processes leading to the development of biological and behavioral traits (Keller, 2010, p. 6). This should be just a logical point beyond debate: causes that are not mutually independent and interact in such entangled ways “simply cannot be parsed” (Keller, 2010, p. 75). But in fact, it is not:

“If all that was at issue in the nature-nurture debate was a comparison of the contributions of nature and nurture to individual development (…) [critics] are of course correct: this question is meaningless (‘we can’t readily separate one from the other’), and the debate could indeed be said to be over. But unfortunately, the question of what the nature-nurture debate is about is not so easily settled”    (Keller, 2010, pp. 8–9).

And, accordingly, the fate of interactionism as such is not either. The reason for this is that not all the people are talking all the time about the same, partcularly when we turn to scientific practice. For instance, “… to population geneticists, the debate is not about relative contributions to individual traits, but about contributions to the variation within a population. Still others think of it as being about the relative importance of the contributions of nature and nurture to differences between individuals” (p. 9, bold added).

This is why she states from the very beginning that the problem lying at the core of the issue is that the very question involved, “what is the nature/nurture debate about?” (p. 1), is not a clear one but, instead, implies a variety of entangled questions which are ambiguously posed. She adds that the very language of genetics is particularly responsible for that situation. She elaborates on these two qualifications in the meaning of the debate, introduced in her quote above (moving “from trait to trait difference” and “from individuals to populations”), through a detailed historical review of the introduction and transformation of the concepts of genetics. Since it helps us to establish the basis of our argument we will briefly summarize the main points of this historical survey.

First, we find the claim that seeing nature and nurture, genetics and environment, as separate causal factors has a historical origin. Keller traces back this separation, which might be at the root of the problem, to the end of the nineteenth century, already with Darwin and Spencer but more clearly then with Galton.

Keller locates at this moment the turn in the usage of the phrase “nature and nurture,” which she has briefly traced from Shakespeare to J. S. Mill and that, according to her (and other scholars with whom she agrees), did not imply the sense of opposition and separation that would acquire from then on. She claims that it was only after Galton that the new connotation became clearly established and that it was already entailed by the re-signification of the notion of heredity that Darwin and others are engendering. The turn involves three elements. One is the aforesaid change in the notion of conceptions of heredity that brought about a new alignment between innate (or inborn) and hereditary. Another is the subsequent internalization and substantiation of heredity. And the third is the introduction by Galton of a particulate theory on inheritance that will accomplish the definition and instantiation of the separation (Keller, 2010, pp. 20–27).

Having established this starting point, she then goes on to explain the reformulation already made by Fisher at the beginning of the twentieth century that will reveal, as early as then, the source of the current clash or entanglement of meanings. The tension would be that between Galton’s approach to the new distinction and the more technical application of it in population genetics. She thinks that clarifying how those terms and concepts have been used and are used in (population and developmental) genetics could help both to understand the problem (why it is so resistant) and to reformulate when and how the question might be meaningful.

“… Galton’s hope of sorting genetic from environmental influences would need to be recast in two important ways. First, it was necessary to reformulate the question of causation in terms of trait differences rather than in terms of traits per se, and second, it was necessary to turn form the analysis of heredity in individual lineages to the analysis of heredity in populations. Only if we ask a statistical question about the relative contributions of variations in genetics and in environment to our differences–rather than their relative contributions to the process that make us what we are–would we have a question that makes sense, and furthermore, one that we might be able to answer”    (Keller, 2010, pp. 31–32).

The consequence of these distinctions is the possibility of understanding why even if we are not able to parse the causal contributions of genetics and environment to individual traits we might still be able, in some cases, to statistically parse the causal contributions of differences in genetics and environment to differences in traits averaged over a population (Keller, 2010, pp. 12).

Nevertheless, she will review and bring up examples to show how difficult it turns out to be, even for specialists, to keep up these distinctions sharp, both in technical or popular science discourse. This would, at least in part, explain the “unreasonable persistence” of the debate: the root of the problem is inserted in the very language of particulate genetics6. Even if the science has changed, that is, genetics has become much more complex, she claims that language has lagged behind, allowing those slippages of meaning. This is a judgment, incidentally, that we could extrapolate to other areas of research.

The interesting point for us here to reinforce the idea that we have been developing in the previous sections: beyond, or due to, the inseparability of factors implied by most of the explanations resorting to the concept of interaction in biological, behavioral and cognitive sciences, it is necessary to specify if and when distinctions between causal factors can be made under certain conditions (so rendering interaction an effective epistemic resource).

In order to achieve such disciplinary generality (i.e., to fulfill the goal of our paper which is to offer some informed forewarning to the attempts “to understand and model complexity in the living, the cognitive and the social domains” in terms of interaction) this requirement cannot be justified by merely looking at a particular discussion in biology and the details of its historical conceptual development (however decisive they are); instead, a broader (causal) philosophical approach is required.

We should first take a quick look to the problem of causal selection that allows us to move to this broader approach. Such a frame helps us typify the option resulting from Keller’s analysis as an example of how to make distinctions among causal factors attending to epistemic needs or pragmatic choices. Once we establish this, we can bring up the much more difficult and pressing issue of whether we may attempt (and to what extent) to go beyond and ground ontologically those differences among causal factors.



The Problem of Causal Selection

As mentioned before, causal complexity is, to a great extent, due to the fact that many (if not most) effects of interest are brought about by a multiplicity of causal factors (i.e., are multi-causal or polygenic). This is counteracted by the fact that, even when we find that multiple factors are relevant for the occurrence of a given phenomenon, we tend to treat a subset of those as the cause or the causes of the phenomenon. The rest, we regard as mere background conditions. Causal selection is this practice of selecting certain factors over others. To use a classical example, consider the lighting of a match. We accept that several factors are relevant to the lighting of the match: the fact that Mary stroke it, the presence of oxygen in the room, the dryness of the match, and so on. Yet, in response to the question “What caused the match to light,” we tend to pick Mary’s striking of the match as the cause. Presence of oxygen and dryness are regarded as background conditions. Such a selection practice is pervasive, both in the sciences and in everyday life. In both everyday experience and scientific investigation, we simply do not cite every possible factor as causes of a phenomenon of interest, but instead select some of them. Yet, as we said, both oxygen and the striking of the match are relevant for the effect. Thus, the problem of causal selection minds the grounds for discriminating between genuine causes and mere background conditions, what is the nature of these grounds, or whether the practice of causal selection is irreducibly ungrounded (Broadbent, 2008; Franklin-Hall, 2015; Ross, 2018; Baxter, 2019).

In this context, a view that is considered the consensus in philosophy (e.g., Schaffer, 2016) is the one advocated by Mill (1974 [1843]). Milleanism is the view according to which there are no ontological differences between causes, and these only differ ontologically from non-causes (Mill, 1974 [1843])7. Any distinction between what we call a cause, and what we call a background condition, responds exclusively to the interests of the investigation (or to the interests of everyday causal judgments).

This view has more recently been contested. Indeed, many have argued against Milleanism on the grounds that important objective distinctions can and need to be drawn among causal relations. Recent contributions claim that causal selection is too consistent and systematic to be a merely pragmatic affair (e.g., Hart and Honoré, 1985; Ross, 2018), and that the mere fact of the multiplicity of causes does not imply that they are ontologically indistinguishable (e.g., Waters, 2007). Numerous attempts have been made to grasp the distinction between causes and background conditions such as those involving necessity/sufficiency considerations, contrasting and counterfactual considerations, a notion of causal control, and/or combinations thereof (Ducasse, 1926; Mackie, 1965; Broadbent, 2008; Ross, 2018, forthcoming).

In fact, this problem of causal selection constitutes the angle from which some philosophers have argued —if not against post-interactionism all together—against the causal parity thesis. In the next section, we discuss such an argument and use it to make our case that, as stated previously, much of the debate around interactionism stems from drawing the wrong conclusion from causal complexity, namely, that it resists the characterization, comparison, and distinction of causal relations.



Interactionism, Post-interactionism, and Causation

It is acknowledged, in the recent philosophy of causation, that we often compare causes within certain domains and apportion varying degrees of causal responsibility. The investigation of such practices is an important philosophical project for clear reasons. Often, one is not exclusively concerned with detecting causal relations, but with the characteristic features of particular causal contribution. The analysis of the respects in which causal relations differ can be made on the basis of several properties, for example, strength or degree of the causal contribution, proportionality in the grain of description for a causal structure, or stability of the relation over a range of different background circumstances (see Northcott, 2005; Braham and van Hees, 2009; Woodward, 2010).

This is indeed the point of view of a few philosophers who opted to tackle questions of interactionism and the nature/nurture debate from a strict causal angle, in particular, through a discussion of the Causal Parity Thesis (CPT), i.e., the uncompromising upshot of the principle of causal democracy introduced above (section “The Heuristic Value of Post-interactionism”). It has been noted that CPT expresses a particular stance with regard to the problem of causal selection, namely an extreme Millean exclusion of any relevant causal distinction. Critics of causal parity argue on the contrary that objective distinctions can be drawn which would ground the view that factors are not causally on a par (Weber, 2005, forthcoming; Waters, 2007; Woodward, 2010). Let us see briefly, as a clarifying illustration, how the attribution of causal specificity in the case of DNA is argued for within the interventionist approach to causation.

In particular, critics have invoked the concept of causal specificity to make the case that DNA is ontologically different. This concept has been spelled out in a few related ways. For Waters (2007), it has to do with the possibility that many different changes in the cause led to many different changes in the effect. Woodward (2010) presents it as a matter of the grain of influence or control that (idealized) interventions on a cause enable over an effect. This is illustrated with a radio analogy that compares the on/off switch to the tuning dial: there are many possible positions for the dial, many possible radio stations, and a relationship holding between both that enables a fine-grained control over what is heard on the radio. I can intervene on the dial in many ways so as to tune various different stations. By contrast, the on/off switch, while causally relevant to whether a station is received, has little influence on which one is received. One cannot intervene on the on/off button in order to tune the different stations, but only to turn the radio either on or off. When causal relations have this property, they can be exploited in various ways, allowing a fine-grained control of what happens to the effect. Claims that DNA is a highly specific cause (or a dial-like cause) of protein synthesis mean that: “there are many possible states of the DNA sequence and many (although not all) variations in this sequence are systematically associated with different possible corresponding states of the linear sequences of the mRNA molecules (…). Thus, varying the DNA sequence provides for a kind of fine-grained and specific control over which RNA molecules or proteins are synthesized” (p. 306). Claims that the polymerase is not specific mean that interventions on it do not provide fine-grained control. The role of the RNA polymerase, by contrast, is switch-like.

The specificity argument against parity states that the customary singling out of genetic factors in a large range of causal explanations in biology does not simply follow from the needs and interests of particular investigations, but it (in addition) reflects some objective aspect of the world. Whilst the reasons why we happen to be interested in inquiring about the cause(s) of some effect rather than another might well respond to all kinds of pragmatic and subjective reasons, the same is not true for the investigation of the causes. Once an effect has been specified, the question about its causes is an ontological one, “fixed by ontology” (Waters, 2007). Waters argues that, similarly, once the causes of a given effect have been identified, their characteristics (e.g., whether they bear a specific relation to the effect) are, too, ontological ones.

We need to take stock from this discussion. The problem with the literature on interactionism is that, while it revolves around very general claims about causation, it is rarely made explicit, if ever, which is the working causal-philosophical viewpoint. In particular, it tends to ignore the problem of causal selection and polygeny or is presented as an insurmountable issue that resists any possible analysis. This contrasts with alternative developments and points of view in philosophy of causation. In our view, the debate will not move forward unless the philosophy of causation is properly taken into account, be it to endorse explicitly epistemic and pragmatic solutions or more demanding ones, such as those that entail an ontological commitment.



CONCLUSION AND PROSPECTS FOR THE PROJECT

In the first part of this paper, we have examined the ongoing debate on interactionism in the philosophy of biology. More specifically, we have first presented the justification behind the move toward an interactionist consensus. We have then introduced a selection of the main concerns raised by post-interactionists against the traditional interactionism that, in their view, demand an alternative, perhaps stronger approach. Next, we have also considered some representative views opposing the claim that a different approach is needed and, in this sense, vindicate a more standard form of interactionism.

The appraisal of the diverse positions on interactionism brings us to the point where we cannot ignore the warnings of its critics but, at the same time, we need to be able to face also a Kitcher-like minimalist kind of defense:

“… for the present, the interactionist’s claim is simply that we should not suppose that efforts to investigate the effects of some factors, while others are allowed to vary, are incoherent or illegitimate. Complex causal situations do not demand that we perform the impossible feat of considering everything at once; rather they challenge us to find ways of making these factors manageable”    (Kitcher, 2001, p. 404).

In the second part of this paper, we have brought this sort of defense of interactionism under the light of discussions in the philosophy of causation that, in our view, should be directly tackled by those involved in the interactionism debate or those willing to adopt an interactionist strategy in their research.

Even if the philosophical debate around interactionism as such is still worthy of further discussion, and things are far from settled, our analysis in this paper already allows us to extract some valuable conclusions that could inform the various efforts to develop models of “complex systems that comprise “inter-identities” (CfP, 2019).

One first conclusion is that, when exploring “issues of identity in biological, cognitive and social, biomedical, educational and political systems” (CfP, 2019), we should not ignore the implications of the nature/nurture controversy and its accompanying debate on interactionism that has arisen in evolutionary and developmental genetics (and elaborated and pursued within the philosophy of biology), which we have surveyed here.

A second one is that, in those areas of research, aside from addressing the more substantial or empirical issues, an explicit methodological and heuristic task has to be undertaken in each instance and for every explanation or research purpose: to identify and justify whether and how diverse causal factors are going to be distinguished, whether and under what conditions such causal factors are going to be parsed and how their mutual relation is going to be accounted for. This is so because, to remain within the limits of the so-called interactionism consensus, as a default and non-committed hollow stance, entails the endorsement a Millean view on causality and, then, this heuristic or pragmatic challenge becomes even more decisive. Setting the conditions of possibility to obtain the epistemic benefits granted by a heuristic stance (see Ferreira Ruiz and Umerez, 2018) becomes, therefore, the minimum requirement to be met by any explanatory and research endeavor forced to incorporate complex causal contributions that interact.

That said, a third conclusion is that we need not restrict the discussion around interactionism and the nature-nurture distinction to epistemic or pragmatic issues. Rather, this debate can benefit from other philosophical projects, especially, in the metaphysics of causation. In particular, we should not overlook the issue on causal selection that we have shown to beset the interactionist debate whenever multiple and complex causality is involved. Accordingly, it would be advisable to disclose and make explicit, as clearly and exhaustively as possible, any causal selection decision and the underlying grounds for this (be it purpose-specific or general, instrumental or ontologically committed, conditional or unconditional). Similarly, when addressing those debates in the philosophy of biology, we must seriously consider the possibility of drawing various kinds of distinctions among causal relations.

Finally, it must be noted that while it will still be the predicament of every researcher to explore and determine how far they can go in order to characterize an identity that is developed in interaction, as a preliminary step, it will be necessary to revise the assumptions around interaction and interactionism–as we have attempted to do here. It will soon prove extremely difficult to move forward in characterizing identity in interaction if the interaction and joint contribution of multiple causal factors is simply assumed to be an insurmountable obstacle to causal analysis.
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FOOTNOTES

1We should make clear from the beginning that, when dealing with interactionist views in the philosophy of biology (but not exclusively), the debate is not about the causal roles of parts in (dynamic) systems and the ways to identify and distribute their relative contributions to the performance of the whole system, but one about the aggregated causal roles of the very systems themselves, which are allegedly separated and, often, qualitatively different, in the production of an outcome (such as genes and environment generating a particular phenotypic trait, in the canonical case). We thank a reviewer for pointing out the importance of this clarification.

2This quote will gradually become the source of frequently repeated catchphrases and several striking paper titles.

3Kitcher uses the expression “transinteractionism” for what we call “post-interactionism.”

4He first details the Seven Deadly Sins of Causation, which are:


(i) the acceptance of the nature-vs-nurture dichotomy,

(ii) the principle that one gene causes one behavior,

(iii) the description of genes as blueprints,

(iv) the assertion that DNA sequences contain the essence of behavioral information,

(v) the belief that genes cause behavioral traits fairly directly,

(vi) the idea that genes are the root cause of behavior, and



(vii) the view that a gene produces a single, clear, and specific phenotype (pp. 71–72).

These sins are coupled to Four Major Mistakes of Classical Approaches to Nature and Nurture, including:


(i) the conviction that behaviors divide neatly into innate and learned classes,

(ii) the confidence that empirical studies can disentangle the effects of heredity into specific percentages,

(iii) the consideration of analysis of variance (ANOVA) methods as powerful tools that reveal developmental effects, and

(vi) the idea that a “heritability” is an excellent summary statistics (pp. 72–73).



The description of each one of these disputed theses is followed by the formulation of the direct alternative or contrary view by the developmentalist approaches.

5See also Lewontin (1974) as introduced and quoted above (section “Lewontin’s Dialectical Biology”).

6There is another very important point that may also in part explain such persistence but we are not going to be able to pursue it here: “… the fact that (…) the debate does seem to capture a number of issues that many people want to know about” (Keller, 2010, p. 73). This opens up a very interesting analysis about the concept of phenotypic plasticity and the possibilities of rethinking and expanding the notions of inheritance and heritability, together with the social and political issues such an undertaking raises (Keller, 2010, pp. 73–84).

7
“Nothing can better show the absence of any scientific ground for the distinction between the cause of a phenomenon and its conditions, than the capricious manner in which we select from among the conditions that which we choose to denominate the cause. However numerous the conditions may be, there is hardly any of them which may not, according to the purpose of our immediate discourse, obtain that nominal pre-eminence” (Mill, 1974 [1843], p. 329).
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Amaia Latina, Ecuadorean 0
Agustin Latino, Ecuadorean 1
Juan Latino, Bolivian 7
Ana Latina, Nicaraguan 12
David Portuguese 12
Myriam Bulgarian 12

7In this paper | will only focus on international immigrants. Hence, students coming
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